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I.  Introduction 

After  war,  the  penetration  of  nanicle  branch  blast 
of  rice  riant  was  widely  noticed.  For  a  long  time,  a  serious 
panicle  branch  blast  has  been  included  in  neck  blast  and  a  mild  - 
symptom  had  no  designation.  For  examnle,  Itc  (1943)  classified 
rice  blast  into  neck,  spikelet  and  glume  blasts,  but  the  nanicle 
branch  blast  was  not  recorded.  The  nanicle  branch  blast  without 
penetrating  the  node  at  the  neck  of  panicle  was  not  treated  as 
a  neck  blast  unless  more  than  1/3  of  panicle  became  white 
according  to  researcher's  convention  (Prevention  of  Plant 
Epidemic  Section  Plant  Improvement  Dept.  Ministry  of  Agriculture 
and  Forestry  195*).  Thus,  attention  on  panicle  branch  .)  blast 
was  very  small.  However,  the  nanicle  branch  blast  became  impor¬ 
tant  in  warm  area  or  warm  autumn.  Recently,  the  panicle  branch 
blast  has  attracted  attention  at  Xanto,  Tohoku  and  Hokkaido 
regions. 

The  nanicle  branch  blast  refers  simnlv  to  the  case  of 
invaded  paniole^ branch  ..  but  when  they  are  accomnained  bv  the 
desease  of  node  at  the  neck  of  panicle,  they  are  generally 
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referred  as  neck  blast  regardless  of  the  existence  of  panicle 
branch  blast.  Therefore,  the  panicle  branch  blast  indicates  the 
case  of  invaded  panicle  branch  without  accomnanving  the 
desease  of  the  node  at  the  neck  of  panicle.  In  this  paper,  when 
panicle  branch  blast  is  clearlv  observed  even  if  infection  of 
node  at  the  neck  of  panicle  is  nresent  and  the  rice  plant  is 
not  died,  it  is  counted  as  neck  blast  and  panicle  branch  blast. 
The  desease  extended  to  neck  is  counted  as  neck  blast  even  if 
it  originated  from  the  panicle  branch. 

Researches  on  mechanism  of  panicle  branch  blast  genera¬ 
tion  are  very  few  and  the  infection  is  considered  to  occur 
simply  at  node  of  rachis  or  node  of  panicle  branch  (Sawada  192?, 
Yoshll  193**  Ito  et  al  1937,  '<0*0  195*S  Kono  et  al.  19*0). 

Authors  investigated  the  relation  between  evlronmental  change 
and  rice  blast,  and  observed  the  mechanism  on  the  generation  of 
ranicle  branch  blast.  Also  we  have  observed  importance  of 
panicle  branch  blast  while  investigating  the  rice  blast  from 
various  regions. 

Most  of  this  work  was  conducted  at  Agricultural  Techno¬ 
logy  Research  Institute  and  a  part  was  conducted  at  Okavamaken 
State  Agricultural  Experimental  Station. Authors  wish  to  thank 
Professors  K.  Dasugl,  U.  Mizusblma  and  K,  Rlnda  for  guidance 
and  review  of  this  paoer.  We  also  received  much  guidance  from 
Prof.  Akihlyama  of  Tokvo  University,  Agricultural  Department, 
Sukata,  M,  Director  of  Okavamaken  State  Agricultural  Experimen¬ 
tal  Station,  Prof.  Mlzawa  of  Tohoku  University,  Agricultural 
Dent.  Authors  obtained  heln  from  Prof.  Kitsul  of  Kvushvu 
University,  Agricultural  Department  for  literature  inspection, 
and  Tsuboi  H,  Chief  of  Weather  laboratory  of  Agricultural 
Technology  Research  Institute  for  instruction  of  wind-tunnel 
experiment,  and  Yamasaki  G,  Chief,  and  Dr.  Chvochu  K  of  Genet ical 
Biology  Section,  Agricultural  Technology  Research  Institute  for 
instruction  of  botanical  words.  Also  cooperation  of  Nakanishi  I 
of  Aichlken  State  Agricultural  Experimental  Station,  Ichikawa  H 
of  Naganoken  State  Agricultural  Experimental  Station  and  many 
others  are  gratefully  acknowledged. 

II.  Development  of  Desease 

i;  Observation  by  Inoculation 

In  order  to  observe  the  progress  of  panicle  branch 
blast,  observations  are  made  by  Inoculating  rice  from  pot 
cultivation. 

a.  Appearance  of  Branch  Blast  of  Rice  Plant,  Specially 
from  the  Beginning  of  Desease  to  Death  of  Rice  Plant. 


(1)  Experimental  Method 


higashivama  No,  3E  is  cultivated  during  general 
period  at  outside  in  1/2:000  a  or  1/5,000  a  Wagner  Fou  or  ^ 
inch  pot.  After  panicle  has  grown,  the  rice  blast  bacilli  (1-2 
bacilli  strain)  are  inoculated  by  spray  method.  Pulp  Method 
(Daougi.  et  al  195*),  ^oucen  method  and  in  .lection  method  (Conidi- 
al  liauld  is  in.lected  into  unripen  <rlume)  and.  the  progress  of 
desease  is  observed. 

Designations  of  parts  of  panicle  are  based  on  Nagato 
(1950)  and  Matsushima  (195*)  and  shown  in  Fig.  1. 


l'jjj.  1.  -Designation  of  p  uts  of  panic.'  •. 
N,  node  at  tile  neck  of  panicle ;  l;.., 
rachis;  N'Kti,  node  of  inch,-  (i;.: 
joints  of  the  racliiiine  to  the 
NB,  node  of  panicle  branch  (rachilla ) ; 
PBj,  tlie  first  primary  panicle  branch 
(rachi'dn)  •  PBj,  t)ic  second  primary 
panicle  branch  (rachilln)  ;  similarly, 
PBj-pBn,  primary  branch  No.  u-n ; 
SB,  secondary  panicle  branch  or  ruc.lt- 
ilia  branch;  P,  palea;  I.,  lemma  ;  (1, 

,  glume  (empty  glume)  ;  (>',  subsidiary 
•  empty  glume ;  Pc,  pedicel, 


(2)  Experimental  Results 

In  inoculated  panicle,  node  at  .the  neck  of  panicle, 
node  of  rachis,  node  of  panicle  branch,  spik.elet,  primary  or 
secondary  panicle  branch  and  other  devoluted  part  of  each  organ 
are  easily  Infected.  The  svmotoin  of  each  infected  part  agrees 
with  previous  reports  (Sawada  1927,  ^umiya  1955 »  Kono  et  al  19^0 
and  ethers).  (Figure  plate  I). 

We  have  observed  that  srikelet  dies  faster  in  case  of 
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spikelet  Infection  tut  "hen  the  lesion  on  the  snikelet  extends 
to  the  base  direction  and  reach  pedicel,  the  edxes  of  the  lesion 
produce  smoewhat  clear  dark  color-brownish  nurple  color.  (Figure 
Plate  II,  C.  Fie:.  2A).  The  lesion  progresses  to  the  direction 
of  bottom  part  and  reaches  the  node  of  nanicle  branch.  When  the 
lesion  extends  to  the  node  of  nanicle  branch,  the  spikelet 
dies  (Fig,  2,  3,C).  The  lesion  extends  to  bottom  part  of  rach*s 
through  the  node  and  the  death  of  panicle  increases  significantly 
accompanying  these.  The  infection  occurrs  at  distal  parts  and 
the  lesion  extends  to  bottom  nart  i,  e,  base  direction  Increasing 
the  death  of  distal  parts.  These  phenomena  are  designated  as 
panicle  death.  Panicle  death  occurs  when  panicle  branch  or  node 
of  raohls  are  infected  (Fig.  3)*  The  death  of  distal  parts  in¬ 
creases  remarkably  in  this  case.  Therefore,  in  a  few  da vs  after 
development  of  desease,  the  desea se  symptoms  of  node  of  nanicle 
,  branch,  node  of  rachls  and  node  at  the  neck  of  panicle  are  diff¬ 
icult  to  distinguish  from  svmntoms  of  panicle  death.  When  these 
nodes  are  penetrated  by  the  nanicle  death,  the  lesion  soreads 
"acidly  and  the  color  chancres  to  clear  as  though  the  nodal  parts 
are  freshly  infected.  In  spite  of  the  ranid  spreading  01  lesion 
to  nodal  parts,  extension  of  lesion  toward  bottom  nart  is  tempor¬ 
arily  stopped  and  the  speed  of  nanicle  death  is  somewhat  delayed. 
At  initial  period  of  desease,  the  typical  symptoms  of  deseases 
are  observed  at  each  parts,  and  Infected  area  can  be  Judged  from 
the  location  of  penetration  and  mode  of  panicle  death. 

Eased  on  these  observations,  the  nanicle  branch  blast  Is 
classified  below  and  the  relations  between  infection  and  panicle 
death  are  Indicated. 

Mode  of  Desease  Development  and  Type  of  Panicle  Branch 

Blast  (Include  spikelet  blast). 

I.  type  (spikelet  blast);  Snikelets  (palea,  lemma  and 
glume)  are  Infected  and  each  spikelet  dies.  A  part  or  whole 
spikelet  is  penetrated,  and  the  deseased  nart  is  usually  grey- 
white.  In  many  cases,  the  boundary  of  lesion  is  at  part  of  bite 
or  vascular  bundle.  Fedlcel  is  healthy. 

Il-a  type  (secondary  panicle  branch  blast  originated  frbm 
spikelet);  Several  snikelets  die  due  to  Infection.  Several  gra¬ 
ins  on  panicle  branch  die  as  a  group  and  snikelet  turns  greyish 
white,  initial  Infection  gives  erev  oolor  in  many  cases. 

This  type  occurrs  due  to  penetration  on  node  of  panicle  branch 
by  panicle  death.  The  invaded  nart  can  be  observed  at  the 
boundary  between  bottom  nart  or  upper  nart  sometimes,  of  deseased 
area  and  healthy  nart. 

Il-b  tvpe  (secondary  panicle  branch  blast  originated 
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from  node  of  panicle  branch ) ;  This  occurrs  due  to  the  infection 
on  the  node  of  nanicle  branch  and  several  snikelets  die.  At 
Initial  period  of  desease,  the  small  lesions  on  the  node  of 
panicle  branch  give  r. Intel sh  brov;n-trownish  purple  color.  This 
resembles  type  II-a  but  no  -prey  snikelets  ere  observed. 


Ill  type  (Primary  nanicle  branch  blast);  This  occurrs 
due  to  Infection  of  srlkelet  or  node  of  panicle  branch  and  all 
the  primary  nanicle  branches  die.  The  snikelets  on  primary 
panicle  branches  die  end  turn  to  greyish  white  color.  The  edres 
of  lesions  by  panicle  death  can  be  observed  near  bottom  part  of 


IV  tvpe  (Rachls  blast)  ;  This  occurrs  due  to  infection 
on  node  of  rachls  or  death  of  apical  part  and  several  or  ^ne 
primary  oanlole  branch  die.  At  initial  reriod  of  desease,  only 
the  lnfeoted  primary  nanicle  branch  dies.  This  rssembles  .'rpe  III 
but  differs  In  penetration  at  node  oi  ^achls.  At  latter  period 
of  desease,  anlcal  part,  the  part  of  Initial  Infection  easily 
beoomes  obscure. 


According  to  these  tvees,  tvpe  I  corresponds  tv  snlkelet 
blast  and  glume  blast.  II-IV  types  are  so-called  nanicle  branch 
blast.  In  tvpe  II (secondary  panicle  branch  blast)  or  III  ( 
Primary  panicle  branoh  blast),  the  node  of  panicle  branch  Is 
penetrated  and  In  tvpe  IV  (rachls  blast),  the  node  of  rachls  Is 
penetrated.  These  ahow  the  death  from  deseased  part  to  distal 


parts.  During  the  ^erlod  of  material  collection,  the  secondary 
panicle  branch  blast  (II  tvne)  can  be  classified  into  the  case 
originating  from  sniVelet  infection  (secondary  panicle  branch 
blast  originating  from  sMkelet,  I*I-a  tvne)  and  the  case  origi¬ 
nating  from  infection  at  node  of  panicle  branch  (secondary 
panicle  branch  blast  originating  from  node  of  panicle  branch, 
Il-b  type).  Generally,  these  types  advance  from  type  I  to  tvne 
IV  and  progress  to  neck  blast.  Very  rarely  an  irreerular 
progress  Is  seen.  ,  , 
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I'itf.  :i-  Semi  <li;igi;im.ilie  drivings  showing  the  prioress  of  (ho  (lisenso 
from  :i  primary  loi.m  at  tho  node  of  a  panicle  branch  (A)  to 
panicle  liranch  hl  i-t  i  H >,  then  to  rachis  blast  (C),  then  to  neck 
blast  (I),  early  slag.-  and  K,  later  stage). 

A.  Tyiw  n-h  (secondary  panicle  branch  blast  started  from  the  node  of  panicle  branch). 

II.  I'vpe  III  (primary  panicle  branch  iilast). 

C.  Type  IV  (an  early  stage  of  rachis  blast ). 

Ii.  An  early  stage  of  neck  blasi. 

Neck  blast.  The  lowest  prmiarv  panicle  branch  is  remaining  alive  for  a  while. 

When  node  at  the  neck  of  panicle  is  Infected  after  a  few  days 
of  growth,  the  progress  of  lesion  is  slow  and  No.  1  primary  pan¬ 
icle  branch  dies  before  the  lesion  extends  to  node  at  the  neck 
of  panicle.  In  solte  of  healthy  No.  2-5  primary  panicle  branch, 
-■’Plcal  part  of  No.  *  panicle  branch  dies.  Because  primary  pani¬ 
cle  branch  adheres  at  2/5  opening  (Nagai  IdUo,  Matsushima  et  al 
195M,  No.  1  and  *  primary  nanlcle  branches  are  arranged  on 
same  vascular  bundle  and  blast  bacilli  advance  rapidly  through 
this  vascular.1  bundle.  At  any  rate,  due  to  Progress  of  panicle 
death,  it  is  difficult  zo  knew  Initial  Infected  area  bv  these 
types  long  time  after  the  desease  has  developed. 

The  phenomenon  cf  Mranlole  death”  can  easily  be  reprodu¬ 
ced  by  method  of  in  lection  on  glume  In  addition  to  pulp  method. 
It  Is  generally  observed  in  spray  Inoculation  method. 

b.  Effeots  of  Infected  Parts  of  Panicle  on  Death  of 
Panicle  Branch. 


Since  we  know  that  the  panicle  branch  ?s  penetrated 
from  infeotlon  of  node  of  rachis,  node  of  panicle  branch  and 
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apikelet,  the  effects  of  infection  of  each  part  on  panicle 
branch  blast  are  investigated. 

(1)  Experimental  Method. 

Norln  vo,  1  and  Huzis.-tlca  Mo.  5  are  used.  In  l/S.GOOa 
Wagner  Pot,  4  Kg  of  rice  paddv  soil  from  Snitaraaken  Atanomachl , 

10  g  of  ammonium  sulfate,  15  e  of  calcium  phosphate  and  1  g  of 
rotassium  sulfate  are  added.  One  stock(4  nieces  in  one  stock) 

Is  planted  in  one  rot,  and  cultlveted  outdoor  since  June  20. 
Ammonium  sdlfate  *5  g  are  given  in  earlv  period.  As  three  inocu¬ 
lations  classification,  inoculation  at  panicle  completion  period 
(18/VIII),  inoculation  at  5  days  after  ranicle  completion  (23/ 
VIII),  and  inoculation  at  10  davs  after  panicle  completion 
(2^/VIII)  are  established.  Blast  bacilli  (r-2  bacilli  strain) 
are  inoculated  bv  sprav  method  and  kept  for  3^  hours  in  green 
house  with  2^-2°o0  temperature.  Then,  they  are  left  in  glass 
room  (2^°C,  50-70  &  humlditv)  and  development  of  desease  is 
observed.  Numbers  are  placed  on  each  stem  and  the  relative 
locations  of  primary  and  secondary  panicle  branch  and  each 
SDlkelet  are  marked.  Infected  parts  and  progress  of  lesion  are 
recorded  periodically  and  the  desease  history  is  clearly  kept. 
Seven  stocks  in  seven  rots  are  used  for  one  classification  and 
one  among  them  is  a  standard  not  without  inoculation. 

Infection  number  is  indicated  bv  counting  the  deseased 
spots  in  50  plants  until  15  davs  after  inoculation  and  converting 
to  number  per  one  plant.  The  degree  of  panicle  death  is  indicated 
bv  the  degree  of  panicle  branch  desease  on  21  dc*vs  after  Inocula¬ 
tion.  The  white  stem  due  to  desease  of  node  at  the  neck  of 
panicle  was  excluded  from  tHe  experiment.  When  panicle  deataes 
originated  from  spikelet  Infection  or  infection  at  node  of 
panlole  branoh  and  also  due  to  Infection  of  bottom  part  of 
raohls  node  appear  as  double  symptoms,  thev  are  treated  as  Infec¬ 
tion  on  node  of  rachls.  Panicle  deathes  bv  double  infections  of 
spiokelet  and  node  of  panicle  branch  are  similarly  treated  and 
the  lnfeotlon  of  dl^^al  parts  are  preferentially  treated. 


(1)  (2)' • 
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1,  Bate  of  spikelet  deseas*e 

2.  Value  Index  number 


The  degree  of  panicle  branch  nesense  Is  separated  Into  ten 
steps  of  0. 1-1.0  from  the  proportion  of  diseased  snlckelets 
against  total  number  of  snlckelets.  The  value  index  number  is  as 
follows.  Che  decree  of  panicle  branch  desease  is  obtained  bv 
following  eouatlon. 

^(degree  of  primary 
Zj nanicle  branch  desease) 

Degree  of  panicle  branch  desease  _ _  xJ00{%) 

Total  number  of  primary 
panicle  branch 

Degree  of  panicle  branch  desease  per  one  infected  part  (degree 
of  lesion  expansion  )  =  l£(df:Tee  of  primary  panicle  branch  desease) 

dumber  of  infected  area 


(2)  Experimental  Results 

The  results  are  shown  in  table  1-3*  Through  experi¬ 
ments,  the  desease  is  not  observed  in  rio**  p!  Ant  without  inocu¬ 
lation.  Table  1  shows  the  number  of  infected  areas  per  one 
panicle.  According  to  these,  (T)  infection  on  node  of  rachls  and 
panicle  branch  is  very  small  and  infection  on  node  at  the  neck  of 
nanicle  is  medium  whereas  infection  of  splkelet s  is  very  large. 
When  node  of  rachls,  node  of  panicle  branch  and  actual  number  of 
splkelet  (see  figure  1,  Norinaga  et  al  1943)  are  considered  and 
compared,  infection  of  splkelets  is  large  between  spikelets  at 
node  of  rachls  and  node  of  panicle  branch  or  between  splkelet  and 
node  of  rachls. 
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Number  of  Infected  areas 
rer  one  panicle 
Snlkelet  infection 
Infection  at  node  of  panic! 
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12.  Remark  1),  Inoculation  at  nanlcle  completion  period. 

2).  Experiment  was  conducted  at  Nishi  Keham 

(Agricultural  Research  Inst.)  Tokyo  in  195** 
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Also ,  infection  is  severe  on  node  at  the  neck  of  ranicle. 
compared  with  other  parts.  2)  When  infection  of  soiknlet?  Is 
considered  according  to  inoculation  period,  the  infection  is 
severe  In  panicle  completion  "eriod.  Infection  is  rather  small 
on  5  days  and  10  days  after  ranicle  completion,  and  no  signi¬ 
ficant  difference  between  these  two  neriods  is  observed. 

Among-  the  kinds  of  panicles,  Ruzisska  No.  5  is  large  in  either 
inoculation  periods.  3)  No  significant  difference  between  nodes 
of  panicle  branch  and  rachis  is  observed  in  these  inoculation 
periods.  horln  No.  1  had  the  most  severe  Infection  In  panicle 
completion  period  but  infection  reduced  rapidlv  on  5  davs  after 
panicle  completion .  Huzlsaka  No.  5  had  the  most  infection  between 
5  and  10  days  after  panicle  completion.  (Huzisaka  No  5  seemed  to 
have  more  panicle  branch  blasts  at  Agricultural  Station). 

4)  Infection  on  node  at  the  neck  of  panicle,  is  high  in  panicle 
completion  period  and  reduces  to  half  between  5  davs  and  10 
days  after  panicle  completion.  The  difference  between  the 
kinds  cf  panicles  is  not  clear. 

'  Table  2 


Degree  of  Panicle  Branch  Desease  According  to  Regions 
of  Panicle  Branch  Blast  Infection. 
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1.  Inoculation  period 

2.  Panicle  completion  periodjNorin  No.  1 

IHuzisaka  fro.  5 

3.  5  days  after  panicle  completion  /Morin  Mo.  1 

IHuzisaka  No.  5 

4.  10  days  after  panicle  completion (frorin  No,  1 

(Huzisaka  No.  5 

5.  Kinds 

Number  of  panicles 

7.  Number  of  primary  panicle  branches 
R.  Items 

9.  Splkelet  infection 
10.  Infection  on  node  of  panicle  branch 

12.  Other  Infections.  11,  Infection  on  node  of  rachis. 

13.  Total 

14.  (£  (Degree  of  primary  panicle  branch  desease) 
j Degree  of  panicle  branch  desease  ( % ) 

(Ratio  of  panicle  branch  desease 

Table  2  shows  the  effects  of  each  infected  area  on  degree  of 
desease.  The  following  can  be  said  from  the  table.  1)  Taking 
the  example  of  Norln  No.  1  for  panicle  completion  period,  2B,7  % 
among  total  41.4  1=  of  panicle  branch  desease  was  splkelet 
infection  and  Panicle  branch  desease  ratio  is  *9  %•  The  degrees 
of  panicle  branch  desease  due  to  infection  of  node  of  panicle 
branch  and  node  of  rachis  are  4.9  $  and  7.4  %  respectively. 

The  ratio  is  12  %  and  IS  %  respectively.  In  other  words,  panicle 
death  due  to  splkelet  infection  is  very  ] ar.<?e  and  panicle  death 
due  to  infection  of  node  of  panicle  branch  or  node  of  rachis  is 
very  small.  This  relationship  still  hold  at  5  days  and  10  days 
after  panicle  completion.  2).  Huzisaka  No.  5  had  almost  the 
same  relationship  as  Norln  No.  1.  However,  on  5  days  and  10 
days  after  panicle  completion,  the  degree  of  panicle  branch 
desease  due  to  infection  of  node  of  rachis  increase  and  the 
desease  due  to  splkelet  infection  decreased.  Therefore,  the 
desease  of  node  of  rachis  increases.  3)»  In  comparison  with 
Norln  No.  1; Huzisaka  No.  5  has  higher  degree  of  panicle  branch 
desease.  This  is  due  to  high  rate  of  desease  on  node  of  rachis 
in  Huzisaka  No.  5* 


Table  3 

Degree  of  Panicle  Branch  Desease  per  one  Infected  Area  of 
Panicle  Branch  Blast  (Degree  of  Lesion  Expansion) 
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1.  Inoculation  period 

•  2.  Panicle  completion  period  JNorin  No.  1 

\Huzisaka  No.  5 

3.  5  days  after  panicle  completion  (Morin  No.  1 

\Huzisaka  No.  5 

4.  10  days  after  panicle  completlonjNorin  No,  1 

\Kuzisaka  No.  5 

5.  Kinds 

6.  Number  of  nanlcle 

7.  Number  of  primary  panicle  branch 
ft.  Items 

9.  Spikelet  infection 

10  Infection  of  node  of  ranlole  branch 

11  Infection  of  node  of  raohis 

12  (2.  (Degree  of  primary  panicle  branoh  desease) 

(Number  of  infected  areas 

(Decree  of  lesion  expansion 

Table  3  shows  the  effects  of  infection  on  expansion  of  lesion 
(rather  damage).  Aocordln*  to  these,  spikelet  infeotion  does 
not  kill  all  the  soiv-elets  on  primary  panicle  branch  on  ?1  davs 
after  Inoculation  at  2<0C,  but  Infeotion  of  node  of  panicle 
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branch  kills  all  the  snikelet  an  ran  tele  branch.  The  effects 
of  infection  on  node  of  rachis  are  verv  large  and  one  area  of 
infection  kills  a  few  ^rircarv  rnnicle  branches.  In  ranicles 
with  shorter  da vs  of  growth,  expansion  of  lesion  is  faster 
when  compared  with  ranicles  grown  lonrer.  Thus,  the  decree  of 
nanicle  branch  desease  Increases.  Among  the  kinds  of  ranicles, 
Huzisaka  No.  5  has  a  larger  exaa^sion. 

Above  can  be  summarized  as  follows.  The  degree  of  nanicle 
branch  desease  is  different  depending  on  the  part  of  initial 
infection,  number  of  infections  and  extent  of  ripening.  The 
effect  of  infected  part  on  the  degree  of  rsnlcle  desease  is 
large  for  node  of  rachis,  medium  for  pode  of  panicle  branch 
and  small  for  soikelet.  Also,  the  effect  on  fresh  nanicle  is 
larger  than  old  one.  Since  the  absolute  amount  of  ranicle 
death  has  a  multiplicative  relation  with  exranslon  of  lesion 
and  the  number  of  infections,  the  degree  of  panicle  branch 
desease  is  high  even  if  the  effect  of  snikelet  desease  is  small. 
Therefore,  the  desease  of  distal  rarts  is  sometimes  Important. 

2.  Observation  at  Experimental  Station 

As  mentioned  above,  the  mode  of  developing  ranicle 
branch  blast  by  inoculation  seems  to  be  peculiar  phenomenon  in 
experimental  environment.  In  order  to  confirm  this  phenomenon, 
natural  deseases  are  observed  at  Aichiken  State  Agricultural 
Experimental  Station  Inabashi  Branch  (Hokusetsurakukun  Inetake- 
chyo,  195*) »  Naganoken  State  Agricultural  Experimental  Station 
Hoka  Experimental  Branch  (Minamlvasukumokun  Hokachyo,  1957) 
and  near  Okayamaken  State  Experimental  Station  (Okayamashi 
Hokuho,  195S ). 

a.  Method  of  Observation 

The  progress  of  desease  is  examined  by  classifications 
based  on  changes  of  inoculated  desease  s .to toms.  The  materials 
emuloved  in  experiments  will  be  specified  wherever  appropriate. 

b.  Results 

(1)  Results  on  the  materials  fyom  Naganoken  State 
Agricultural  Experimental  Station  Hoka  Experimental  Branch (1957) 

The  materials  collected  at  this  Station  on  Sept.  1 3 *  1957 
were  investigated  in  detail.  Pour  stocks  are  selected  from 
four  kinds(Chusei  Ginga (durability  against  desease; strong) , 

Norin  No.  10  (medium)  Norin  No.  29  (weak)  and  Norin  No.  30 
(weak))  which  have  similar  period  of  growth  and  the  types  of 
deseases  are  classified.  The  number  and  deTree  of  panicle  dese¬ 
ase  are  compared  for  each  tvoe. 
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By  observing  closelv  desease  svmtoms  of  each  tartn,  the 
mode  of  desease  development  and  expansion  of  lesion  bail  be 
easily  compared  with  the  results  of  above  observations.  The 
color  of  deseased  part  is  greyish  white  initially  in  spikelet 
and  agrees  with  the  result  of  Inoculation.  Onlv  ninklsh  brow- 
dark  brown  color  or  dark  brownish  purple  color  on  nanicle 
branch  is  somet lines  observed.  Also  no  clear  boundary  lines 
between  healthv  and  deseased  narts  are  obtained.  The  results  of 
investigations  are  show  in  table  4-^. 

1)  Development  of  panicle  blast 

Table  4  show's  number  of  deseased  snots  per  one  nanicle 
by  each  classifications. 

Table  4 


Development  of  Panicle  Branch  Blast  by  Classifications 
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1.  Kinds 

2.  Norln  no.  30 

3.  Norln  no.  29 

4.  Norln  no.  10 

5.  Chusei  Ginga 

6.  Number  of  panicles 

7.  Number  of  deseased  areas  by  classifications 

I  type,  Il-a  type,  Il-b  type,  III  type,  IV  type. 

8.  Spikelet  blast 

9.  Secondary  panicle  branch  blast  originating  from  spikelet 

10.  Secondary  panicle  branch  blast  originating  from  panicle 
branch 

11.  Primary  nanicle  branch  blast. 

12.  Rachls  blast 
13*  Neck  blast 
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14.  Remar  1).  Parenthesis  shows  the  number  of  deceased  snots 
per  panicle 

2).  Investigated  at  faganoken  State  Agricultural 

Experimental  Station  Hoka  Branch  on  Sept.  13,  1957 

According  to  table  4,  1)  spikelet  blast(I  tyre)  is  the  largest, 
secondary  panicle  branch  blast  originating  from  snlkelet  (II- 
a  type)  and  neck  blast  follow  and  secondary  panicle  branch 
originating  from  node  of  nanicle  branch  (Il-b  tvpe),  primary 
panicle  branch  blast  (originating  from  spikelet  or  node  of 
panicle  branch,  III  tvpe),  and  rachis  blast  (originating  from 
node  of  rachis  IV  tvpe)  are  the  smallest.  2)  When  actual  numbers 
of  snikelet,  node  of  panicle  branch,  n^de  of  rachis  and  node  at 
the  neck  of  panicle  per  one  panicle  are  considered,  ohe  largest 
infection  is  on  node  at  the  neck  of  panicle,  next  is  spikelet 
infection  and  Infection  of  node  of  rachis  and  nodeof  panicle 
branch  is  the  smallest.  2)  Among  the  different  kinds,  Infection 
Is  the  lsrgest  in  Morin  No.  30  and  in  order  of  Norin  No.  29  ( 
little  weak),  Norin  No.  10  (medium),  Chusei  Ginga  (little 
strong). 

2)  Degree  of  panicle  branch  deseach  by  classification 

Table  5  shows  the  degree  of  panicle  branch  desease 
by  classifications. 

Table  5 

Degree  of  panicle  branch  desease  by  classifications 
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1.  Kinds 

2.  Norin  no.  30 

3.  Norin  no.  29 

4.  Norin  no.  79 

5.  Chusei  Ginga 
Number  of  panicle 

7.  Number  of  primary  panicle  branch 
3.  Items 

9.  'Z  (Decree  of  nrimarv  nanicle  branch  desease) 

Decree  of  panicle  branch  desease  {%) 

Ratio  of  panicle  branch  desease 

10.  Il-a  type,  secondary  panicle  branch  blast  originating 
from  splkelet 

11.  Il-b  type,  secondary  nanicle  branch  blast  originating 
from  node  of  panicle  branch 

12.  Ill  type  primary  nanicle  branch  blast 

13.  IV  type,  rachis  blast 

14.  Subtotal 

15.  Neck  blast 

According  to  table  *j,  rachis  blast  (IV  type)  and  secon¬ 
dary  panicle  branch  blast  originating  from  splkelet  (Il-a  type) 
occupy  most  of  nanicle  branch  blast.  Thus,  rachis  blast  and 
secondary  panicle  branch  blast  originating  from  splkelet  have 
the  mos  *.  effects  on  nanicle  .branch  death.  1 )  In  Norin  no.  30 
and  no.  29,  the  rachis  blast  is  the  largest  and  the  ratioes 
of  panicle  branch  desease  are  49  %  and  5q  Secondary  nan’. cle 
branch  blast  originating  from  splkelet  (Il-a  type)  is  the  next. 
In  the  other  two  kinds  having  more  resistant  property,  the 
effect  of  secondary  nanicle  branch  blast  originating  from 
splkelet  (Il-a  tvpe)  is  large.  Secondary  panicle  branch  blast 
originating  from  node  of  panicle  branch  (Il-b  tyoe)  and  primary 
panicle  branch  blast  (III  type)  have  a  small  effect.  2)  Next, 
on  ratio  of  panicle  branch  desease,  the  secondary  nanicle 
branch  blast  (Il-a  type)  from  splkelet  infection  had  the  high¬ 
est  ratio  and  occupied  more  than  half  of  panicle  branch  blast. 
Rachis  blast  (IV  type)  follows  and  the  ratio  of  panicle  branch 
blast  originating  from  node  of  nanicle  branch  (Il-b  tvoe,  III 
type)  was  small.  3)  The  degree  of  panicle  branch  desease  was 
in  the  order  of  Norin  no.  3 0) Nor in  no.  29>Norin  no.  10>Chusei 
Glnga.  4)  The  degree  of  panicle  branch  desease  originating 
from  neck  blast  was  very  low.  This  nrobablv  does  not  result  in 
panicle  death  due  to  short  time  of  growth  but  in  later  time, 
the  paniole  death  increases  rapidly  as  the  desease  progresses . 

3)  Parts  of,  initial  infeotion  and  expansion  of  lesion 

Table  *  shows  expansion  of  lesion  on  each  infected 
parts  in  terms  of  decree  of  nanicle  branch  desease  per  part. 


-  l<  - 


According  to  t'r  e  results  of  to  ole  6,  exnansion  of  lesion  hosed 
on  secondare  panicle  branch  blast  (II  tvpe)  is  small  and  expan¬ 
sion  due  to  rachis  blast  (IV  t^ne)  is  larn-e.  Snikelet  has  a 
small  effect  on  panicle  death  because  it  is  on  distal  part,  and 
rachis  has  a  larce  effect  on  panicle  death  because  it  is  on 
base  part.  The'  effects  are  also  larre  in  Nor  in  No.  JO  and  small 
in  Chusei  Ginga. 


Table  < 


Degree  of  Panicle  Branch  Desease  oer  one  Infected 
Area  of  Panicle  Branch  Blast 
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5.  Chusei  Ginga 
Number  of  panicles 

7.  Number  of  rrimarv  i-anicle  branch 

8.  Items 

9.  %  (Degree  of  primary  panicle  branch  desease) 

Number  of  deseased  areas 

Expansion  of  lesions 

10.  Il-a  type,  secondary  panicle  branch  blast  originating 
from  spikelet 

11.  Il-b  type,  secondary  panicle  branch  blast  originating 
from  node  of  panicle  branch 

12.  Ill  type,  primary  panicle  branch  blast 

13.  IV  type,  rachis  blast. 
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(2)  Results  of  materials  from  Aic’niken  State  Agricultural 
Experimental  Station  Inabashi  Branch  (1950  and 
Hokuho  Okavamashl  (19 ‘y\) 

Materials  from  Alchi  and  Okayama  were  Investigated 
and  the  results  ere  reported  in  this  section.  The  materials  from 
Hokuho  Okavamashl  were  from  private  form  near  State  Agricultural 
Experimental  Station.  In  195rS  blast  desease  was  light  in  this 
area.  The  materials  from  Aichik^n  Inabashi  were  T'innannu 
(resistant  property-mediocre)  and  Soselgvoku  (weak)  in  ripening 
period  of  Sect.  22,  195*.  Material?  from  Okayaraashi ' were  Asahi 
(weak)  in  initial  vellcw  ripening  period  of  Oct.  A,  19^P, 

1)  Development  of  deseasc;  on  each  part  of  panicle. 


In  order  to  examine  development  of  desease  on  each 
part  of  panicle,  frouencv  of  infection  is  expressed  for  one 
panicle  as  shown  in  table  7.  According  to  table  7,  the  desease 
of  spikelet  are  simnimicapt  and  specially  in  case  of  Alohl,  more 
than  5. 5-7. 5  soots  per  one  panicle  show  no.  Desoo.se  of  node  of 
rachis  and  node  of  panicle  branch  is  small.  These  are  similar  to 
the  results  of  materials  from  Moran oken  Hoka.  Materials  from 
Okayamoshi  Hokuho  had  significant  number  of  glume  deseases.  In 
case  of  Okayama,  the  material  is  Asahi  and  considered  as  the 
same  strain  of  Soselgyoku.  Since  the  desease  of  glume  is  consi¬ 
dered  to  occur  at  latter  period  of  ripening  time,  the  weather  of 
that  year  seemed  to  have  a  lar^e  effect. 

Table  7 


Development  of  Blast  Desease  on  Each  Part  of  Panicle 
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1.  Materials  for  investigation 
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3.  Okayama  Asahi 

4.  Kinds 

5.  Number  of  deceased  spots  per  panicle 
*.  I-'nlea  and  lemra 

?.  Inner  and  outer  glume 
B.  Glume 


0.18 
0. 02 


0.19 


9.  Devoluted  splkelet 

10.  Node  of  panicle  branch 

11.  Node  of  rachis 

12.  Devoluted  panicle  branch 

13.  Node  at  the  neck  of  ranlcle 

14.  Remarks  (l)  Invent  1  rated  ''O  ranlcles  each  of  Sosei^oku 

and  Klnnamnu 

2)  In  Aichl,  lnvestlration  Is  made  on  Sept.  22, 

1Q5^'  Aichlken  State  Agricultural  Experimental 
Station  Inabashi  Branch 

3) .  In  Okavama,  investigation  is  made  on  Oct.  4, 

1933  at  OVavama  Hokuho  farm. 

2)  Decree  of  Panicle  Branch  Desease  on  Parts  of  Initial 
Infection 

In  order  to  study  effects  of  ranlcle  branch  blast  on 
damace  of  initial  infected  areas,  the  decree  of  ranlcle  branch 
blast  on  each  Infected  parts  nas  obtained  and  shown  in  table 

Table  8 

Decree  of  Panicle  Branch  Desease  on  Parts  of  Initial 
Infection 
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12.  Node  at  the  neck  of  ranlole 
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According  to  table  P,  the  degree  of  panicle  breach  desease  of 
,both  kinds  from  Alchiken  Irabashl  if:  more  than  half.  In  case  of 
ukavam© ,  effect  of  neck  blest  Is  large  evid  the  disease  of  node 
of  raohis  and  snikelet  is  the  next  In  order  of  decreasing 
effect.  Desease  of  node  of  panicle  effect  of  spikelet  desease  on 
panicle  branch  desease  is  known  to  be  large. 

3)  Speed  of  Panicle  death  from  the  deceased  part 

Since  the  death  of  deseased  r>art  in  panicle  branch 
blast  is  lmnortant  as  mentioned  above,  the  speed  of  death  bv 
using  Asahi  is  examined  at  Okayamaken  State  Agricultural  ■ixnerl- 
mental  Station,  and  Inoculated  rice  (P-2  strain)  and  naturally 
deseased  rice  (experimental  station  farm)  were  also  used  in 
measurements.  Thus,  the  deseased  parts  and  dates  were  pre^xamined 
and  the  length  of  dead  oanlcle  Is  examined  on  end  of  October. 

The  results  are  shown  in  table  9. 

According  to  table  9,  the  length  of  dead  panicle  reaches 
2-3  cm  in  one  month  after  the  development  of  desease.  It  is 
particularly  significant  that  the  length  of  dead  panicle  was 
not  short  when  measured  in  short  time  after  the  development  of 
desease.  Also,  for  the  same  inoculation  period,  the  length  of 
dead  panicle  was  longer  for  the  desease  developed  earlier, 
indicating  a  somewhat  faster  growth.  When  the  speed  of  panicle 
death  is  compared  between  infected  parts,  n^de  of  panicle  branch 
was  faster  in  the  speed  of  death  than  snikelet.  In  snikelet, 
glume  had  faster  speed  of  death  than  pa  lea  and  lemma. 


Table  9 


Speed  of  Panicle  Death  from  initially  Deseased  Parts 
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h,  Palea  and  lemma  a)  dumber  of  tests 

b)  Length  of  death 
5.  Glume  a)  Number  of  tests 
b)  Length  of  death 

( .  Inner  and  outer  glume  a)  Number  of  tests 

b)  Lenrth  of  death 

?.  Node  of  panicle  branch  e)  dumber  of  tests 

b)  Length  of  death 
Node  of  rachis  a)  Number  of  test 
b)  Length  of  death 

9.  Naturally  develoned  desease 

10.  Remark  1)  Inoculation  experiment  is  conducted  at  class  room 

of  Okavaraaken  State  Agricultural  Experimental 
Station  (195&) 

2)  Naturally  develoned  desease  was  examined  at  farm 
of  Okavamaken  State  Agricultural  Experimental 
Stations  (195~). 

This  is  not  unusual  since  the  Infected  oarts  are  different. 

In  case  of  glu^e  Infection,  mycelia  reach  to  pedicel  through 
small  rachis,  base  part  of  glume  and  subsidiary  empty  glume. 

The  small  rachis  operates  similar  to  node  of  panicle  branch 
and  delays  tne  extension  of  lesion  toward  bottom  part.  It  in 
also  considered  to  reauire  longer  time  for  myoelia  to  reach 
pedicel.  Therefore,  the  death  of  snlkelet  seems  to  be  somethat 
slow  compared  with  panicle  branch  because  there  are  many  parts 
corresponding  to  nodes  in  same  length. 

(3)  Summary 

Status  of  desease  on  three  regions  is  more  or  less 
the  sane.  The  panicle  branch  desease  based  on  snlkelet  desease 
is  considerable  and  panicle  desease  due  to  desease  of  node  of 
raor  :.s  Is  about  the  sane  as  snlkelet.  Psniole  desease  due  to 
the  Jesease  of  panicle  branch  is  unexpectedly  small.  The  impor¬ 
tance  of  each  parts  and  kinds  Is  more  or  less  different  depen¬ 
ding  on  nerlod  of  investigation.  Expansion  of  lesion  from  dese- 
ased  vnrts  is  observed  and  the  length  of  died  naniole  reaches 
2-3  cm  in  one  month.  Natural  panicle  death  is  considered  to 
occur  similarly.  Expansion  :f  lesion  is  small  for  spikelet 
infection,  medium  for  infection  of  node  of  panicle  branch  and 
larr-e  for  infection  of  node  of  rachis.  And  it  is  small  for 
resistant  kind  and  large  for  sucentiMe  kinds.  Above  facts  are 
entirely  similar  to  the  results  obtained  from  inoculation 
mehtod  and  the  node  of  nnlele  branch  Most  agrees  with  obser¬ 
vations  of  Inoculation  experiments. 

III.  Anatomical  Observations  of  Snlkelet  Infection 

In  Previous  seotlon,  it  m»  experimentally  proved 


thrt  ion  of  ?-  *ri  •:  ■:~vv"'r  tc  vctio*r.  "art  of  •  i'l' 

and  the  desease  is  co-.-o -;V*  observed  in  farm.  .~.s  c  first  of 
oecologlcal  explanation  cf  -an ale  branch  blast,  snikelet  dos*-?::e 
in  farm,  penetration  cf  blast  bacil’i  In  srlkelet  a^d  the 
activity  at  later  tire  are  of  interest. 

Designation  of  srlkelet  blsst  is  rather  old  and  Krv-r>  :;e 


blast,  and  no  further  research  on  this  s>. eject  has  been  revert 
We  have,  therefore,  race  an  exrer* “ ental  observation  oi.  this 


point. 


1.  Materials  and  Method 


a)  Natural  Develor-ent  of  Blast  Desease  on  Parts  o? 

Spikeiet 

On  Se-t.  22,  1 9 n ' .  Morin  no22,  Kinnanru,  Hatsu-i 2 , 
Kona rekin  and  Sings  from  late  rlantinsr  are  examined  at  Aichlken 
State  Agricultural  Experimental  Station  Inabashi  Branch.  These 
correspond  to  initial  period  of  cesease.  The  existence  of  de sense 
is  conparativelv  examined  ou  ralea,  Terra  and  glare  resnectivelv 
ana  also  front,  riddle  and  bottom  part  of  palea  and  lemma,  from 
10  panicles  of  each  kind. 

b)  Anatomical  vie:-:  of  natural  soikelet  desease 

Since  it  is  r.ecessarv  to  know  the  characterestics 
structure  of  glume  and  its  parts  from  pathological  and  anato¬ 
mical  standpoints  before  observing  penetration  of  spikeiet 
blast  bacilli,  we  h?ve  observed  the  pot  cultivated  rice  at 
Nlshlkehara  Kitaku  Tokyo. 

Amcrsg  the  materials  having  naturally  developed  soikelet 
desease  from  Alchi  State  Agricultural  Experimental  Station 
Inabashi  Branch,  Kama  rekin  and  Girjga  are  investigated.  Relativelv 
young  snikelets  are  used  but  in  case  cf  rioened  spikeiet,  the 
groins  are  removed  before  fixation  and  the  subsequent  operation 
is  simplified.  The  materials  are  fixed  with  formalin,  acetic 
acid  and  alcohol  solution.  Silicic  acid  is  extracted  with 
hvdrorrsn  flounce  water  and  ranfin  Is  used  for  storing.  Pieces 
of  about  1 5 A  thick'  are  cut  off  nd  stained  with  Pianese  Ill-b 
or  Stoughton  solution  (iv ishivoma  195?) . 

c)  Penetration  and  soread  of  snikelet  blast  bacilli 
by  Inoculation 


22 


rot-cultivated  Aich  iaryoku  from  Mishikehara 
Kitaku  Tok*ro  (Agricultural  TechroIc;?v  Research  Institute}, 
the  experiment  is  cord  noted  -:ith  v~u  ng  srikelet  to  reduce  the 
danger  of  natural  infection.  The  first  u*'per  node  of  full v  grown 
panicle  is  cut  off  ar.d  a  rart  of  leaf  is  removed.  In  order  to 
exrose  apical  rart  to  'bottom  rart,  the  surrounding  srikelct  is 
removed.  Panicle  is  arranged  in  such  a  ..ay  that  srikelet  lies 
horizon tailv  and  blast  bacil'i  {P-2  strain)  are  inoculated  hv 


spray  method .  Thus,  the  spikelots  remain  on  nanicle  and  the 
side  of  nal ea  and  lemma  is  inoculated.  After  inoculation,  thev 
are  left  in  rc ~m  at  ?6-?7°0  and  taken  out  at  24,  48  ond  72 
hours,  r  oart  is  settled  in  chromic  acid,  hynochromic  acid  .and 
alcohol  solution  a~d  the  ntser  mart  is  settled  in  form  in, 
acetic  acid  and  alcohol  solution.  After  extraction  of  silicic 
acid  ard  storage  in  paraffin,  about  10  /L  thick  nieces  ore  cut 
horizontally  and  vertically  and  observed  after  double  staining 
with  Safranin  and  Gentian  violet. 


2.  Experimental  Results 

a.  Deceased  carts  of  naturally  developed  spikelet  blast 

The  results  are  shorn  in  table  10  and  11.  According 
to  table  10,  total  number  of  deseased  spikelet  on  50  oanicles 
from  5  kinds  ms  4 9  c  of  them  had  lemma  oenetraticn,  G  £ 

ralea  reretration,  4  A  vlume  penetration  ;  5  %  both  nalea  and 
lemma  cenetration  and  3 6  '?'■  total  penetration  of  palea,  lemma 
and  slums.  When  620  splkelets  having  lesion  on  lemma  are  examined 
on  apical  part,  center  part  and  base  part  respectively  (table  11), 
71  %  of  them  had  tip,  middle  and  base  parts  oenetrated  and  22  f> 
had  or.lv  tlo  part  penetrated.  Piddle  a.r.d  base  parts  had  very 
few  desease  ar.d  onlv  4  £  and  3  >  respectively . 

Table  10 

Aopearance  of  Blast  Desea se  Symptom  on  Each  farts  of 
Soikeiet. 
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9.  Number  of  desen sod  svf 
bv  "Tt; 

10.  ialoa 

1 1 .  Lemma 

12.  Glume 

13*  i  ■  1  c ; ).  o  n  d  1  e ra  :na 

14.  Inner  and  outer 
1 r .  Total 


16.  Remark  1)  Parethes is  indicates  index  ratio 

2)  Investigations  are  made  on  Se-t.  22,  19L/  ,■ 
late  nlatinsr  farm  of  A  l  chi  State  Agricultural 
Experimental  Station  Inabashi  branch 
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Aooearance  of  Blast  Desease  S-.r-mtom  on  Each  Tarts  < 
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15)  QVJ 

1)  1'  v  ^  lA.'iTKttlti' >jbJ% 

1. 

Kinds 

9. 

Number  < 

of  deseased  spikelets 

2. 

Morin  no. 

22 

bv  parts 

3. 

Klnnampu 

10. 

Tin  part 

4. 

Matsu-13 

11. 

Middle  - 

oart 

5. 

Glnra 

12. 

Base  part 

,< 

• 

Homarekln 

13. 

Tin,  middle  and  base 

part 

7. 

Total 

14. 

Total 

fl. 

Number  cf 

panicles 

15. 

Remark  : 

1)  Parethesis 

ind icat 

index  ratio 

Mere  than  half  of  deseased  soikelets,  whose  tin,  middle  and 
base  skirts  are  penetrated,  had  the  lesion  snread  throu-'h  the 
middle  oart  of  soikelet  (figure  nlate  II,  state).  A  part 
had  penetration  near  base  part,  (figure  plate  II,  A3). 
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We  have  observed  in  ether  experiment  that  the  desease  of 
1  emma  was  aim  if  leant  when  a  or  in  no.  1,  Huvlsaka  no.  S,  hichi*"- 
voku  and  Rlpashivorna  no.  3*1  are  inoculated  at  an  early  period. 
Thus,  lesion  is  likely  to  form  the  lemma  of  spikelet  a-'d  the 
desease  seems  to  start  near  the  region  of  hair  in  manv  cases. 

The  death  of  spikelet  tin  end  phenomenon  of  rrevish  white 
coloration  can  occur  from  a  mechanical  danaae  ox'  rachis  or  panicle 
branch.  In  this  case,  pedicel  part  of  spikelet  dies  from 
dearth  of  water  and  turns  white  from  the  tin.  In  death  due  tp 
dearth,  part  above  the  damaged  snot  of  snikelet  loses  life  and 
turns  to  white  color  from  the  tin  of  no 1 ea  and  lemma  at  the  same 
time.  'Ibis  svir.otora  is  similar  to  the  death  of  nanicle  branch  due 
to  penetration  of  nanicle  branch  and  rachis.,  but  is  different 
from  those  forminr  the  lesion  of  de-'th  directlv.  In  snikelet 
death  due  to  nenetration  of  rachis  by  blast  bacilli,  the  color 
change  into  enrol ish  brown  is  perceived  first.  'When  the  base 
nart  of  snikelet  is  penetrated,  the  change  of  color  into  v-nevlsh 
white,  as  mentioned  above,  was  not  observed.  When  the  blast 
bacilli  penetrate  middle-base  part  of  snikelet,  early  desease 
"symptom becomes  a  partial  lesion  around  the  penetrated  area. 
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Fig.  4. — Scmi-diagramatic  drawings  of  transverse  section  of  young 
spikclct. 

Ai~Aj.  Tip  of  a  spikclct.  Contact  of  palca  and  lemma  is  incomplete  and 
inner  epidermis  is  half  exposed. 

Hi— 'Bj.  Shoulder  of  spikelet.  Contact  of  palc-n  and  lemma  began  to  be 
complete,  and  inner  epidermis  markedly  thickens,  especially  in  the 
area  between  two  lateral  veins. 

C~»D.  Middle  of  a  spikelet.  The  inner  epidermis  thickens  in  the  vicin¬ 
ity  of  veins  only.  Cell  walls  at  the  periphery  of  palea  thickens. 

E.  Basal  part  of  a  spikelet.  The  inner  epidermis  docs  not  especially 

thicken. 

pal.  palea  ;  Im.  lemma:  vb,  vascular  bundle;  evb,  external  lateral  vascular 
bundle:  ivb,  internal  (lateral)  vascular  bundle:  cvb,  midrib;  iep,  inner 
epidermis;  Ih,  large  hair;  Ihb,  bottom  of  large  hair;  epal,  edge  of  palea; 
g,  glume  (empty  glume);  lo,  lodicule;  ov,  ovary. 
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b.  Texture  of  Glume  C:*o*;:  the  St  .ndaoint  of  Tatholo-ical 
Anatomy 

(1)  Ef.lr 

On  surface  of  glume  there  ore  a  small  h- lr  of  two 
sim llr-t r  size  cells  and  a  lar"n  hair  of  single  cell.  Small  hair 
of  two  colls  forms  os  surface  of  colls.  (Hi  shirr,  on  et  nl  10''°) 
and  the  arrancerent  is  regular.  The  share  resembles  coo  i J  i  r.i 
of  micrococcus  necleus  (figure  Plate  III,  A,  E).  Side  view  of 
this  small  hair  is  circular  u~d  slightly  Termer  than  arnrossoria 
of  blast  bacilli.  When  base  mart  of  cell  surface  is  entranced  , 
it  is  easy  to  confuse  with  early  period  of  bacilli  penetration. 
Hair  of  cell  (fi'-u^e  r.late  III,  C,Q)  can  be  observ'd  with 

naked  eye.  Tin  of  hair  has  a  narrow  cylindrical  share  and  it 
grows  on  vascular  bundles.  Histoloricallv,  they  originate  on 
surface  and  the  bottom  nart  contact  the  lower  surface.  The  hair 
seems  to  be  easily  damaged  by  soikelet  friction.  If  bacilli 
penetrate  through  damaged  ra.rt,  the  resistance  against  these 
bacilli  is  small  and  thev  extend  to  lower  surface  easily. 

(?)  Vascular  bundle 

There  are  three  vascular  bundles  in  ralea  and  five  in 
lemma. (Fig.  4,  B2)  In  lemma,  there  are  one  vascular  bundle  on 
midrib  and  two  oh  both  side  (internal  vascular  bundle  and 
external  vascular  bundle).  External  vascular  bundle  runs  along 
the  contacting  part  of  ralea  and  lemma.  In  palea,  one  runs  along 
contacting  nart  with  lemma,  and  is  arranged  as  though  nrot.ected 
against  outer  part  of  spikelet  in  lemma  (Fig.  4,C,D).  The  spiral 
tube  flows  into  front  part  of  lemma  (Fig.  plate  IV,  A,  Figure 
plate  V,3,C,D)  and  seems  to  connect  water  hole  (drainage  organ). 

(3)  Stomata  and  water  holes 

Stomata  (including  water  holes)  can  be  seen  o"  inner 
and  outer  surface  of  glume.  Table  12  shows  the  relation  between 
each  part  of  glume  and  numbe->~  of  stomata. 

Table  12 

Number  of  Stomata  (including  water  holes)  on  Surface  of 

Glume 
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1.  Vertical  separation  of  spikelet  5.  Upper  part 

2.  Number  of  cut  nieces  Middle  part 

3.  Inner  surface  a)  palea  Lower  part 

b)  lemma  None 

U.  Outer  surface  a)  oalea 

b)  lemma 

Remark  1)  Parethesls  indicates  ner  one  niece 

2)  Snikelet  is  separated  vertically  into  10  ''nd 
numbered  front  tin  as  1  and  base  part.  10.  Mach 
cart  is  resenarated  into  3  nart  of  uprer,  middle 
and  lower  part. 

3)  None  means  absence  of  cut  pieces. 


According- to  table  12 ,  number  of  stomata  on  outer  surfer.'**  is 
large  in  lemma  and  small  in  pa  lea.  Also  stomata  ore  thick  or. 
tin  rant  of  soikelct  and  rou^h  on  middle  part,  ''o  stem  a; n 
are  obcei ved  on  bottom'  part.  Stomata  on  inner  surface  (fi  -rre 
slate  V,A)  are  different  from  outer  surface,  Thov  are  observed 
from  front  sort  to  base  oart  of  soiv^l^t  end  upper  cart  :  ”u 
more.  Around  st ornate,  a  soft  tissue  is  d«velop®d  and  provide 
the  better  conditions  for  bacilli  penetration. 

Structure  of  vrater  hole  resembles  those  on  leaves  (Altuue 
195^,  Dabei  et  al  I960)  and  has  a  crumbled  share  of  stomata 
(figure  plate  V,  B,C,D).  ‘These  agree  with  the  findings  of 
Gishiva  (1933)  and  Baker  (19^4)  in  other  olai'n,. 

(4)  Tissues 

Glume  consists  of  fol!*  owing  order  from  outer  rart. 
Outer  enidermis  (epidermis) .  Lor -t  tissue  (epidermis  l.o*-  ,-r 
tissue)  Soft  tissue  layer  and  rmar  epidermis  ( inner  epidermis 
or  enidermis)  (figure  elate  III,  A,  Figure  Plate  V, A). 

Epidermis  cells  on  external  ^lume  have  a  large  shore  a^d  are 
regularly  arranged  laver.  External  rart  has  wavv  share.  Breda 
De  Baan  (1911)  reported  that  silicic  acid  is  accumulated  on 
fat  outer  wall.  Lower  tissue  consists  of  thick  narrow  membrane 
type  three  layers  of  fibrous  surface  (Breda  De  Haan  1911 , 
Translated  by  Harashima),  and  is  in  position  to  -rotect  lower 
soft  tissue  (figure  Plate  V,A).  Thus,  the  ‘'enetrated  bacilli 
receive  a  resistance  from  membrane  wall  of  fibrous  surface 
before  reaching  a  soft  tissue  ana  seemed  to  proceed  in  vertical 
direction  where  the  obstacles  are  less. 

The  soft  tissue  cell  is  small  and  membrane  wall  is  thin. 
Generally,  they  develop  near  vascular  bundle  and  boundary  of 
lemma . (figure  rlate  IV, Q). 

Internal  epidermis  cells  are  verv  lar~e  and  wall  cells 
is  very  thin  (figure  V ,  A ) .  Internal  .-ridermis  of  young  soikelet 
swells  in  the  direction  towards  glume.  The  swelling  is  not  verv 
noticeable  near  the  bottom  part  of  rlu-  e  but  is  ouite  noticeable 
on  upper  shoulder  rart  of  soikelet  (Figure-  4,  Figure  olate  IV). 

On  shoulder  part  of  glume,  the  a race  between  external  and  inter¬ 
nal  vascular  bundles  is  specially  thick  (figure  4,  Fir-ure 
Plate  IV, B).  Thick  internal  erldemis  ceils  seems  to  contract 
in  earlv  period  and  lose  original  share  bv  pressure  in  spikelet. 
Internal  epidermis  cells  near  vascular  bundles  develop  into 
large  ones  and  contraction  com®*;  later.  Tnern-l  i-lc'-M  r  of 
lemma  difficulty  f  on n  ceil  n.-mbrnre  mUs  and  is  different  In 
its  develo1- "'ant  from  others  (Figure  rlate  IV,  C.O).  Ip 
cases,  soikelet  swells  without  f'  ’traction.  Breda  De  ha  n 
(1911)  and  Jullano  et  el  (193?)  treated  this  as  s imply  internal 
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epidermis  without  special  record.  Internal  epidermis  dona  not 
have  chance  of  receiving  direct  attack  of  bacilli  except 
during  the  blooming  period  since  it  is  exposed  to  air  rr,'! v  dur¬ 
ing  the  blooming  period.  Due  to  incomplete  contact  of  *  oil-riot 
tip,  internal  epidermis  can  be  easily  contacted  to  outside 
(Figure  A^)  and  requires  an  attention  on  infection  me  cl- an  1  - 

To  summarize  above,  1)  numbers  of  stomata  and  vascular 
bundles  in  lemma  are  large  compared  with  palea .  and  internal 
epidermis  is  thick,  ?)  Tin  part  of  sn ike let  has  a  large  number 
of  stomata  and  era inage  tissues  are  developed.  Thickness  of 
internal  epidermis  's  remarkable,  dumber  of  stomata  decreases 
gradually  from  middle  part  to  base  part.  This  cart  lacks 
drains me  tissues  and  internal  epidermis  is  thick.  3)  Hair  is 
thick  on  unner  part  of  snike'  et  and  outer  part,  of  vascular 
bundles.  In  the  space  between  palea  and  lemma,  hair  is  thick 
on  tip  part  of  lemma.  Thus,  hair  ,  vascular  bundles,  number 
and  arrangement  o**  stomata  end  water  ho'  es  or  arrangement  of 
soft  t is sure  and  thickness  of  internal  epidermis  are  different 
depending  on  parts  of  glume.  It  is  difficult  to  sav  th there 
is  no  relation  between  structural  characteristic  and  bacilli 
penetration.  Although  there  is  no  direct  relationship,  there 
seems  to  be  some  effects. 

c.  Anatomical  View  of  Naturally  Deseased  Splkel°t 

when  pieces  of  glume  are  stained,  healthy  tissues 
ere  green,  deceased  tissues  pinkish  brown^brown  color  and 
mveelia,  conidoohore  and  conldium  Pinkish  brown-tea  brown 
color  bv  Pianese  Ill-b  staining  solution.  And  bv  Stour’nton 
solution,  membrane  tissues  •  are  mreen,  cell  men; bran  yellow  and 
bacilli  pinkish  brown-tea  brown  color, 

'when  snikelets  having  lesions  on  upper  half  (Figure  plate 
II,  B2  state)  are  considered,  thev  are  as  fellows.  The  variation 
in  tissue  desesse  is  noticeable  around  center  part  of  lesion 
and  becomes  lighter  owav  from  the  center  part.  Palea  without 
lesion  is  considered  healthv.  Tissues  are  destroyed  at  the 
center  of  deceased  part  end  the  destruction  of  tissues  is 
severe  on  soft  tissues  and  internal  epidermis.  M ear  the  boun¬ 
dary  of  healthv  and  deseased  parts,  many  soft  tissues  and 
internal  epidermis  colls  are  destroyed.  In  that  case,  extern.  .. 
epidermis  and  lower  tissues  do  not  have  n.an.v  variations  in 
desea.se.  The  variation  in  desense  of  Internal  .-nldermls  near 
the  boundary  of  lemma  is  noticeable  and  cells  which  appear 
heal  tv  externally  had  mveelia  1*  mp.nv  cases. 

Conidoohore  and  conldium  formed  dose  sed  parts  of 
external  eolderais  or  internal  erldernls  of  glume. 'Or.  exter*  1 


t Issue 
part  of 

Table  13 

Ports  of  SoiVelet  and  Snresd  of  Kvcelia  (e>:ar.:r>le  1) 


o rid art is ,  the*/  os 
and  health1/  tissue 
is roe  hair  in  sirr 


arc  ore  easily  observed 
»  coll  (fivere  r>late  VI). 
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1.  Vertical,  reparation  sniVelet 

2.  Palea 
3«  Lemma 

4.  Near  external  vascular  bundle  (a) 

5.  ^race  between  (a)  and  (b) 

A.  Near  internal  vascular  bundle  (b) 

7.  Near  midrib 

3.  Upper  part 
middle  part 
Lower  part 

9.  None 

Remark  1 )  Degree  of  mvcelial  spread  is  indicated  bv  follo¬ 
wing  standard. 

f'To  mvcelia  -h+ ;  Many  my celia 

+  ;  Very  few  mvcelia  H-i:  Very  many  my  celia 
Few  mycelia  ();  Terminal  type 

2)  Horizontal  and  vertical  continuous  nieces  are 
examined.  3-^  nieces 

3)  Mvcelia  in  tissures  can  be  classified. 

Number  of  penetration  was  oronortional  to 

•  mycelial  densitv  in  tissues. 

In  glume,  formation  of.  conidonhore  and  conidlum  is  observed  on 
internal  epidermis  of  vascular  bundles  or  boundaries  (figure 
plate  VI, C). 

Spread  of  mvcelia  in  tissues  is  noticeable  on  vertical 
direction  of  srikelet  but  not  significant  on  horizontal  direc¬ 
tion.  This  tendency  is  observed  on  soft  tissue,  internal  epider¬ 
mis.  and  lower  tissure  of  membrane,  but  Is  not  clear  on  external 
epidermis.  An  example  of  mvcelial  spread  in  tissue  near  the 
boundary  of  lemma  is  given  below. 

Even  when  desease  has  progressed  in  lemma  destroying  the 
tissues  and  manv  conidla  are  formed  on  surface,  the  tissues  in 
adjacent  palea  are  healthy  in  manv  cases.  This,  tvpe  of  desease 
is  commonlv  seen  in  a  closely  contacted  state  of  lemma  and  pales  . 
From  these,  it  can  be  concluded  that  bacilli  can  not  move 
smoothly  from  one  side  to  other  on  contact  part.  The  fact  that 
movement  of  bacilli  in  horizontal  direction  is  limited  is  pro¬ 
bably  due  to  thickening  of  tissues  on  outer  edge  of  lemma  and 
protrusion  of  thickened  palea  forming  a  separation  wall  (figure 
IV,  C,  D). 

Table' 14 

Parts  of  Splkelet  and  Spread  of  Mvcelia  (.Example  2) 
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T-l  CV  VT'VC;  C'-O 


.  Lemma 


.  Near  external  vascular  bundle  (a) 
.Space  between  (a)  and  (b) 

.  Near  Internal  vascular  bundle  (b) 
.  Near  midrib 
.  N  on  e 

.  Ijppar'  part 
Ilidrile  part 
Lower  part 
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Above  fncts  indicate  t 
oart  of  snikelet  occurrs  nea 
tissue. .  If  conduct  tissues 
for  distal  parts  is  obstruct 
seemed  to  turn  white  grevish 


hot  V. c i  1 1  i  nonet ration  on  iim 
r  tin  and  mvcella  onroad  to  each 
were  oenet rated,  the  suppIv  of  v.m 
ed  the  tio  oart  of  soikelet 

color  and  die. 


nr 


d.  Penetration  and  spread  of  soikelet  blast  bacilli 
bv  inoculation 


Healthy  tissues  are  stained  to  pinkish  mellow  and 
bacilli  are  stained  to  pinkish  brown-brown  color  by  double  sta¬ 
ining  of  Safrar.in  and  Gentian  violet.  Aopres soria  is  observed 
on  concave  part  rather  than  wavy  corvex  oart  cn  external 
eoidermis  in  rnanv  cases.  In  this  experiment,  bacilli  oenetra to 
through  thick  membrane  of  external  epidermis  and  no  oenet rat  ion 
throe rh  epidermis  cell  or  aperture  cell  was  found.  However, 
penetration  through  open  oart  of  large  hair  cell  near  base 
part  was  observed  (figure  plate  VII,  D).  This  open  state  of  hair 
is  often  seen  regardless  of  bacilli  pentration.  It  is  not  clear, 
however,  whether  the  opening  is  due  to  cutting  action  or  easiiv 
splitting  structure. 

A  thin  mycelium  from  apnressoria  is  oenetrated  through 

surface  membrane  and  mycelia" that  reached  external  eoidermis 

cell  become  thick  and  spread;  Mycelia,  then,  oroceed  to  inside 

of  mlume  tissue  and  the  spread  at  lower  tissue  seems  to  be 

slow.  The  spread  of  mveelia  is  very  ra^id  in  soft  tissue  and 

internal  eoidermis.  In  the  case  of  bacilli  penetration  through 

base  oart  of  hair,  mycelial  soreud  in  the  direction  of  front 

tio  of  hair  is  not  observed  but  the  spread  in  the  direction  of 

internal  eoidermis  was  ver.v  active. 

v  # 

The  relation  between  the  lansed  time  after  inoculation 
and  mycelial  spread  is  as  follows.  1)  Several  epidermis  cells 
are  nenetrated  after  Inoculation.  Some  times,  a  small  amount  of 
mveelia  is  observed  in  lower  tissues  of  thick  membranes  but 
is  not  observed  in  soft  tissue  and  internal  epidermis.  2)  Mycelia 
become  thick  in  lovrer  tissues  after  ^  hours  and  a  part  of  them 
is  observed  in  soft  tissue  and  internal  eoidermis.  Mycelia  in 
tissues  can  be  classified  bv  oenetration  unit.  3)  Mycelia  in 
each  tissue  become  thick  after  72  hours  and  spread  rapidly, 
classification  by  oenetration  unit  is  difficult. 


Degree  of  bacilli  oenetration  and  spread  and  its  relation 
with  each  oart  of  soikelet  are  shown  in  table  13-15. 

Table  13-15  a how  the  results  on  each  soikelet  from  uor-r 
oart  to  base  part  In  bg  hours  after  inoculation.  Four  or  five 
nieces  per  oart  are  examined  and  the  state  of  highly  freouent 
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1.  Vertical  reparation 

2.  Poles 

3 .  Lemma 

Ne?-.r  external  vascular  bundle  (a) 
5.  Space  between  (a)  and  (b) 

< .  Near  internal  vascular  bundle  (b) 
7.  Near  midrib 
c- .  Unner  rart 
Middle  cart 
Lower  oart 
9.  None 


occurrence  are  indicated  far  convenience ,  nlthowrh  the  decree 
of  spread  is  slightly  different  coee-din';  an  nieces.  Tin 
following  can  be  said  from  the-.s  observ--:  tion .  1)  When  r-alea 
end  lemma  are  comcered,  micella  era  s~cil  in  pa  lea  t Ispu^s  but 
large  in  lemma.  Mvceiial  penetration  and  spread  are  quite 
noticeable  near  external  or  internal  vascular  bundles,  and 
are  small  in  the  space  between  them.  i-b'celln!  penetration  and 
snread  are  also  small  in  the  space  between  nalen  and  mi'u-ib. 

2)  When  snikelcts  are  examined  on  tip  art,  middle  cart  nnd  base 
part  respectively,  the  eenetrat ion  is  large  near  miudle  part, 
and  mvcelia  in  tissues  are  thick.  Although  the  oppressor!* 
formation  is  easilv  observed  from  middle  part  to  base  mart,  no 
penetration  is  seen  in  manv  cases  and  the  penetrated  mart 
becomes  terminal  tvpe  (figure  date  VIII,  b) .  When  bacilli 
could  not  penetrate,  outer  membrane  of  epidermis  cell  is  stained 
to  deep  brown  color.  In  terminal  tvoe,  several  epidermis  cells 
ere  stained  to  pinkish  brown  and  mycelial  migration  into  ad.1a.cen 
cells  was  not  observed  despite  the  '--resence  of  relatively  thick 
mycelial  concentration. -When  mvcelinl  spread  is  active  and  its 
movement  is  smooth  (figure  n].ate  VIII,  A),  the  cell  membrane  is 
not  stained  to  deep  brown,  and  the  degree  of  micella  staining  is 
light.  3)  Several  cells  are  penetrated  on  external  eoidermis 
and  mycelia  proceed  to  neighboring  cells  gradually.  Mycelia  in 
c&lls  of  lower  tissues  are  not  thick  but  extended  to  vertical 
direction  of  spikelbt.  The  spread  of  mycelia  in  soft  tissues 
and  internal  epidermis  is  specially  active  and  when  mycelia 
reach  a  part  of  this  tissues  tne  mycelia  -concentrat ion  increase 
rapidly. 

*  Penetration  of  glumes  Is  not  observed. 

■  '  >  t  y  . 

In'- summary ,  the  blast  bacilli  penetrate  through  thick 
membrane  of  epidermis.  Mvcelia  in  lower  tissues  are  easy  to 
extend  in 'Vertical  direction  of  spikelet  and  mycelial  movement 
In  soft  tissues  or  internal  epidermis  spread  in  vertical  and 
horizontal  direction.  Therefore,  mvcelia  fil3.  each  tissue  with 
a  lapsed  time  after  penetration.  'When  no lea  and. lemma  are  com¬ 
pared,'  penetration  is  large  in  lemma  and  mvcolial  spread  is 
active  in  tissues.  Among  tin  part,  middle  part  and  base  port  of 
spikelet,  penetration  is  most  in  tin  part,  middle  is  slightly 
less  and. penetration  is  very  hard  in  base  part. 

,'u  ' 

IV..  Wound  and  Panicle  Eranch  Blasts 

As1 there  has  been  designation  of  wind  blast  (Ito 
1930,)»  it  is  known  that  there  is  a  close  relationship  between- 
blast  desease  and  wind.  However,  effects  of  artificial  wind  on 
rice  blast -and  panicle  branch  blest  are  not  investigated,  'be¬ 
have ,  therefore,  investigated  to  make'  causal  relation  between 


ar.d  lie  I*  cars  -s-  or  bl  *st  cl  err. 

This  experiment  is  conducted  at  Hu  do  (Tani ,  1952)  of 
.'.rri cultural  Technology  Research  Institute  (’  ishikehara  Kltaku 
;o'*vc»). 

1.  Experimental  Method 

Morin  no.  1  and  Higashi vs ma  no.  33  are  wrown  outdoor 
■ml  treated  v:ith  rind.  Blast  m?.cllli  are  inoculated  afterwards. 
I.sueri  •  -eats  ore  conducted  4  times,  and  the  following  table  shows 
•.he  kinds  of  rice  end  others.  Fertilizer  administration  is 
-hn-’n  in  chanter  II. 
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1.  Experimental  no.  °.  Inoculation  date 

hinds  9*  Date  of  desease  examination 

3.  i lancing  date  10.  Morin  no.  1 

4,  Transplanting  date  11.  Hi.rashiyania.no.  33 

■).  Size  of  not  (a)  IB.  Panicle  formation  period 

' .  i'anicle  formation  period  13.  Rinening  period.  ' 

7.  Inoculation  period 

The  wind  speed  was  in  two  stern  of  IB  m  per  second  (B 
region)  and  9  m  ser  second  (Aregion).  First fan  for  B  point. 

Is  adjusted  to  give  wind  speed  of  IB  vr.  rer  second.  And  then, 
the  position  of  wind  snood  of  9  m  nor  second  is  determined  by  • 
anemometer  and  designated  as  A  point.  Thus,  treatment  of 
two  different  wind  speeds  can  be  conducted  simultaneously  by 
placing  rice  plant  on  each  position.  These  relations  are 
schematically  shown  in  Fisr.  5*  Also,  wind  speed,  room  temperatu¬ 
re  and  humidity  during  treatment  are  recorded.  According  to 
Viewfort  T-'ind.  force  table,  wind  sne^d  of  9  w  per  second  corres-. 
ponds  to  wind  forceof  5  and  12  m  per  second  corresponds  to 

(*  Content  of  this  chanter  has  been  reported  in  Kanto  Higashi- 
yama  Virus  Research  Report  5-6  (1953)). 
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'viivitl  force  of  6  (Japan  Agricultural  rheological  Socle  tv  l^A) 
According  to  an  idiom ,  they  correspond  to  a  violent  *■•■'  nd 
a  strong  wind  respectively  (Viura  19^3).  The  conditions  of' 
treatment  are  shown-  in  table  16. 


,  i2  £1  4»<ta I 


n  n  nlel 


Fig.  5.  Showing  a  schematic  drawing  .of  the  wind  tunnel  experiment. 
A  and  U,  rice  plant  in  pots;  a.  fan;  b,  blow-out;  and  c 
exhaust. 


Table  16 

t  .  , 

Conditions  of  Wind  Treatment 


TV”  *’  i 


0  '  2  )  3 )  (m/scc) 


‘  zk  Viii.  u*i 


A  E  BE 


111  I'|! 

w  in i 


I  ]fi  1  -f>  9. 0—9. 4  12.0-12.5  2.5 
nllb  #  1  ■&  9.0  12.1-12.6  3.0 

ffl  CJ#1#  —  11.8-12.1  2.5 

IvlwjJi  ill  38  ■!}  —  11.8-12. 1  1 2 3 * *  2.5 


vscc>  ft),.  M  fair  Zl  8)«iWKtVi*o 

Kl.iJ  jr  rj  ■-  >i  -i-|j  Vi'&i  - - - 

B  g _  ‘  9)'i  12  IsifSfflrj^o) 

*13)  °*c  - 

12.0—12.5  2.5  8.15  M. 20— 16.50  Hi  27.0—28.0  7-1  —  77 

12.1-12.6  3.0  8.23  10.00-13.00  SJ1  33.0-33.4  48-54 

11.8-12.1  2.5  8.30  11.05-13.35  B//  26. 8-29.  S  47~65 

11. 8-12.1  2.5  8.30  11. 03—13. 35  HI  26.8-29.8  47-65 


1.  Experimental- no. 

2.  Kinds 

3.,  Wind  speed  (m/sec) 

i  t 

4.  Time, 

3.  Treatment  date 

r- *  Treatment  time 

7.  Weather  - 


3. 

9. 

A  region  10. 
B  region  11. 


7.  Treatment  room 

9.  Temperature 

10.  Humidity 

11.  Korin  no.  11 

12.  Higashiyama  no; 
13*  Clear 


•3  .  '  j*  i  _  ‘  • 

,  Within  one  hour  after  treatment,  blast  bacilli  (P-2 
are  inoculated  and  kept  in  a  humid  room  of  26-23°C  for  36 
I  h  ep  ,  t  h  e  materials  for  experiment  II.  Ill,  IV  ar*  nlaced  i 

nitdoor-ate^0?5  arid  £hos-\  for  experiment  I  are  placed  out 
outdoor  materials  are  brought  into  room  when  wind  is  stron 

ord-r  to  avoid  panicle  damage  by  wind.  Degree  of  damage  on 


strain ) 
hours . 
n 

door, 
g  in 
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snikelot ,  n  :  clr-  ch  end  •  e*f.  we s  observed  right  after 
treatment  bv  stn  inir.g  with  neutral  rod  bared  on  the  method  of 
■  nka’anva  ot  a  l  Clfr'-).  after  inoculation ,  observe  t  ion  a  ?r?  rr.-ide 


i  c  h  o 


Do  .sense  is  examined  on  1Q  daws  after  inocula¬ 


tion  accord  i^sr  to  classification.  of  chapter  II.. 

Since  bo ’~o  of  nnnicle  was  large  in  :’orin  no.  1  during 
treat  rent  of  rervlni-wg  -eriod  ( Experiment  II)  and  observation 
of  ran icle  'ranch  blast  wn s  difficult,  investigation  decease 
of  non icle  >:a a  discontinued  and  ontv  lesion  on  leaf  was 
observed . 

2.  Experimental  Results 

As  can  be  seen  from  table  16.  the  variation  in  the 
speed  of  rind  during  the  treatment  was  less  than  0.5  ra  in  both 
A  and  3  regions  throughout  experiments. 

Leaves,  rachis,  panicle  branch  and  snikelet  are  dam-aped 
by  the  treatment  of  artificial  wind  and  the  degree  of  damage 
was  severe  in  12  n  oer  second  wind  speed  (3  region)  and  light 
in  9  m  ner  second  (A  region).  Exposure  to  12  m  per  second  wind 
for  2.5-3  hours  resulted  in  splitting  the  leaf  tips  and  the 
color  of  leaf  turned  to  grevish  green.  Grevlsh  green  coloration 
is  cart icularlv  apparent  near  the  split  cart  of  leaf,  but  not 
noticeable  near  the  center,,  nart.  The  coloration  was  very  light 
on  base  cart.  Exposure  to  9  m  per  second  wind  for  2.5-3  hours 
did  not  result  in  sclit  leaves  and  the  degree  of  damage  was 
verv  light.  Bochis,  Panicle  branch  and  snikelet  are  likely  to 
be  damaged  on  outside,  found  of  rachis  and  panicle  branch 
shows  the  line  share  along  the  vascular  bundles.  The  wound 
mainlv  occurs  on  half  circumference  of  rachis  and  the  other 
half  aw nv  from  wind  direction  has  healthy  appearance  in  many 
cases.  This  wound  turns  to  brown  color.  Since  half  circumfer¬ 
ence  of  rachis  is  green  and  the  upper  and  lower  part  of  brown 
coloration  is  not  clear  unlike  the  lesion  resulting  from  pene¬ 
tration  of  blast  bacilli,  it  can  be  clearly  distinguished 
from  lesion. 

A  sllghtlv  swelled  carts  of  spikelet  surface  or  near 
the  shoulder  are  easllv  wounded.  This  wound  appears  as  spots 
in  few  davs  after  treatment  and  has  a  clear  edge  of  brown 
color. -.It  is  commonlv  an  elliptical  share  and  as  large  as  the 
lesion  ot:  desease  of  rice  plant  leaves.  The  central  part  has 
a  grey  color.  These  spots  appear  easily  in  region  of  9.  m  wind yf, 
speed  end  are  easily  found  on  old  panicle.  Bacilli  are  not 
observed  on  these  scots.  The  spikelets  turn  to  dark  brown  color 
in  2-3  days  after  treatment.  Dark  brot-m  coloration  is  .light  in 
the  region  of  9  m  '.wind  sneed  and  severe-  in  the  region  -  of  " 

12  m  wind  speed.  The  scikelets  did.  not  turn  to 
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■dark  brown  color  but  the  cart  exposed  to  air  had  trie  dark 
brown  coloration  during  the  treatment.  Young  s^ikelets  are 
easily  -wounded  ar.d  the  wound s  turn  to  dark  brovm  color.  Old 
spikelets .are  difficultly wounded  and  the  wounds  are  in  soots. 
Degree  of  'damage  on  rachis,  panicle  branch  and  small  branch  is 
opposite  to'  the  case  of  spikelct  when  viewed  from  growth  da vs; 
Damage  is  light  in  initial  growth  period  end  heavy  in  rioenlng 
period .  The  old  materials  hod  severe  damage. 


From  these  observations,  we  note  that  young  panicle  has 
heavy  damage  in  solkelet  and  old  panicle  hup  heavy  damage  in 
branch.  The  fact  that  old  panicle  branch  is  easily  damaged 
indicates  that  sil icif ication  of  panicle  branch  makes  more 
susceptibel  to  wound  and  promote  partial  death  due  to  the  lack 
of  ability  to  meet  sudden  change  in  moisture  renewal  by  wind. 

In  voung  panicle,  snikelet  surrounds  outside  of  panicle  branch. 
-Thus,  the  degree  of  pound  is  high  in  soikelet  and  low  in  rachis. 


Desease  of  leaves  is"  as  shown  in  table  1?  and  formation 
of  S  type  lesion  (Advancing  type)'  was  not  observed.  M  tvoe  ( 
standard  discontinued  type)  and  R .  .type  .(brown  snot  type)  lesions 
are  small  in  region  of  9  m  per  second  wind  speed  and  large  in 
region  of  12  m  per  second  wind  speed.  When  experiment  I  (treat¬ 
ment  at  initial  growth  period)  and  II  (treatment  at  ripening 
period),  are  compared,  it  was  lager  in  experiment  I.  This  agrees 
with  the  fact  that  .voung  leaves  are  more  susceptible  into  leaf 
blast  (Goto  et  al  19^1).  Without  treatment,  oniv  few  R  type 
lesions  are  found  in  experiment  II.  Rice  plant  did  not  have 
desease  without  inoculation  regardless  of  wind  speed. 


Table  17 


Artificial  Wind  Treatment  and  Desease  of  Leaves 
(Higashiyama  Jvo.  3R) 
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10. Note;  Considering  the  difference  in  decease  due  to  sac  of 
leaves,  plant  of  same  a~e  rroup  mas  investigated  . 


The  lesions  of  leaves  are  formed  at  tip  of  leaves  and  concentrated 
near  the  sol it  part.  Decease  was  not  found  at  center  and  base 
]tort  of  leaves.  Decease  is  seen  in  the  mart  of  severe  mound  at 
tin  of  leaves. 

Decease  of  panicle  branch  blast  is  shown  in  table  1 3 . 
According  to  table  If,  ^uT.b-er  of  deceased  areas  per  panicle  by 
the  tunes  of  panicle  branch'  blast  was  verv  small  in  non-treated 
region  (0  m  wind  speed),  large  in  9  m  wind  speed  and  very  large 
in  12  m  wind  speed  region. 
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Treatment  of  Artificial  Wind  and  Panicle  Blast 
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1.  Experimental  no. 

2.  Kinds 

3.  Existence  of  inoculation 

4.  Speed  of  -wind  (m/sec) 

5.  Number  of  desease  per  panicle 


^ .  I  type,  II  type,-  II  tvne 
IV  type,  neck 

?.  Degree  of  panicle  branch 
desease  {%) 


neck 


II  type,  III  t  vuo ,  IV  tvce, 

9.  .'I or  in  no.  1 
;10.  HIgashiyauia  no.  33 

*. Remark  1)  50  panicles  ner  experiment . 


IV  tyne  Orach  is  blast  ( ,  III  tyro  (nr imarv  nanicle  branch  blast ) 
and  I  type  '  (suikelet  blast )  had  small  number  of  lesions  whereas 
node  of  panicle  branch  or  II  pane  originating  from  snikel  ■  t  has 
almost  same  tendenc*’  as  the  number  of  infections.  The  above 
'"facts  indicate  an  agreement  between  decree  of  wound  end  desease 
of  parts  and  panicle  branch  blast  and  express  that  many  wounds 
panicle  branch  blast  and  exnress  that  manv  wounds  result  in 
many  deseases. 


Neck  blast  has  an  almost  similar  tendency  as  nanicle 
branch  blast.  Neck  blast  in  experiment  I  (Nor in  no.  1)  for  n un¬ 
treated  case  resulted  in  many  death  in  suite  of  the  relatively 
few  infections.  It  is  not  clear  whether  this  is  due  to  the 
difference  in  a  small  number  of  tests  or  other  reasons.  Variation 
in  number  of  deseases  was  large  in  panicle  branch  blast  and 
small  in  neck  blast  when  the  speed  of  wind  was  varied.  This  is 
related  to  total  number  of  each  organs  in  a  panicle  and  snots 
of  wound  increase  proport ionally  since  the  number  of  spikelets 
and  panicle  branches  is  large  compared  with  nodes  at  the  neck  of 
panicles.  Therefore,  the  -frequency  of  wound  infection  becomes 
high  and  panicle  branch  blast  increases. 


'  'From  these  experiments,  we  have  observed  that  nanicle 
branch  blast  increases  due  to  wounds  caused  by  wind  and  the  death 
of  panicle  branch  increases.  Since  the  desease  caused  by  wind 
was  mostly  II  tvpe  rather  than  IV  type  or  III  type,  the  main 
effects  of  wind  seem  to  be  infection  of  splkelet  and  nanicle 
branch. 


V.  Infection  Period 


Examples  of  panicle  branch  blast  occurring  at  later' 
period  are  widely  observed  recently,  and  Immano  (1933)  and  Agihara 
(1953)  stressed • importance  of  desease  occurring  at  later  period. 
■However,  this  report  does  not  make  clear  as  to  whether  this 
desease  at  later  period  is  due  to  infection  of  later  period  or 
incubation  of  earlier. infection.'  Thus,  we  have  determined  incu¬ 
bation  period  experimentally  and  attempted  to  obtain  infection 
'period  from  thd  period  of  naturally  developed  desease. 

;  1.  Relation  between  Infection  Period  and  Incubation  Period 

•a.: Experimental  Method 

'  Huzisaka  no.  5  and  Morin  no.  1  are;  used.  Thev  -were 


-  h?.  - 


Planted  on  >'.av  7,  --ns  transplanted  on  June  22.  One  steel:  (one 
stock- 4  nieces }  was  Planted  in  i/5.000  a  n" n e n  not.  Fertilizer 
v:s.e  it i von  as  shown  in  section  1.  of  chanter  II.  Three  inoculations 
are  '.node  as  one  each  on  panicle  completion  period,  milk  ri  non  Ins 
nor i od  end  starch  ripening  period,  clast  hue  11  i  i  (P-2  strain) 
are  inoculated  by  r.prav  method  and  kpet  in  humid  room  of 
<a°C  for  7-  hours.  Afterwards,  they  were  (-laced  in  ala s s  room 
adjusted  to  7;>°C  and  observed  the  development  of  desease. 

The  nicking  dates  were  predetermined  and  rots  having  the ' nicking 
status  are  used  eli.r. lnatin: r  those  panicles  which  did  not  reach 
the  picking  status.  From  other  experiments,  we  have  learned  that 
panicle  branch  blast  does  not  develop  after  two  weeks  from  the 
date  of  inoculation,  be  have,  th, ref ore,  investigated  up  to  15 
days  after  inoculation. 

b.  Experimental  Results 

Table  19  shows  the  incubation  period  of  spikelet 
(aa.lea,  lemma  and  glume).  The  "umber  of  deseased  spots  are 
highest  on  9  th  dav  after  inoculation,  followed  by  6  th  and  12th 
day,  Desease  is  rarely  developed  on  15th  dav  after  inoculation. 
When  we  determine  average  incubation  period  according  to  the 
method,  of  Imuran  (1940),  Huzisaka  no.  5  has  9.8  days  for.panicle 
completion  period,  9.1  davs.  for  milk  ripening  period  and  7.?  days 
for  starch  ripening  period..  Morin  no.  'i  has  average  incubation 
period  of  9-4  days  for  panicle  completion  period,  3.8  days  for 
milk  ripening  period, and  3.0  days  for  starch  ripening  period. 

Table  19 

Incubation  Period . in  Spikelet  (palea,  lemma,  glume) 
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1 .  Kinds 

2.  Inoculation  period 

3.  Number  of  panicles 


4.  Number  of  deseased  spots 
5*  6th  da.v 
6.  9  th  day 
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?.  12th  day 

8.  15th  day 

9.  Total 

10.  Average  Incubation  period  (d  "'.n) 

11.  Kazlsaka  no.  5  Panicle  ccmelet..  an  nericd 

Milk  ripening  period 


12.  Morin  no. 


13.  Remark  1) 


Starch  ripening  period 
1  Panicle  completion  period 
V  ilk  r i a en in p  period 
Starch  ripenin'  period 
The  ’"amber  of  diseased  snots  indicates  tota' 
numbep  on  panicle. 

Inoculation  at  ranicle  completion  period  1 '  /'VIII , 
milk  rir.eninr  period  23/VIII,  starch  ripen  inp; 
period  2WIII 


Table  20 


Incubation  Feriod  in  Mode  of  Panicle  Branch  and  Mode  of 
Rachis 
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The  keys  are  same  as  table  19. 

Inoculation  .soon  after  panicle  formation  had  longer  incubation 
period  in  both  kinds.  Inoculation  on  old  panicles  had  shorter 
incubation  period.  «odlf f erence  in  incubation  period  between  th 
kinds  was  observed. 

Table  20  shows  incubation  period  in  node  of  panicle  bran c 
and  rachis.  According  to  the  table,  number  of  deceases  was  at  t 
height. on  9th  day  after  inoculation  and  had  almost  the  same 
tendency  as  erlkelet.  Average  incubation  period  of  Huzisaka  no. 
was- 11.1  days  for  panicle  completion  period,  9 . days  for  milk 
ripening  period  and  3.*  davs  for  starch  ripening  period,  dor  in 
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Toole  21  shorn  the  d ■••sen so  of  node  ot  the  ncclc  of  panicle 
(neck  blast).  Average  incubation  period  Is  long  in  panicle  corn¬ 
el  at  ion  period  for  both  ki»»ds ,  and  medium  in  milk  ripening 
oeriod  whereas  ic  is  short  in  starch  ripen ins?  period.  This  has 
the  seme  tendency  as  soikelet. 

Ta  ble  .  21 

Incubation  Period  in  hose  at  the  neck  of  Panicle 
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The  keys  are  same  as  table  19 . 

Infection  of  panicle  branch  blast  can  easily  occur  at  relatively 
later  period.  Incubation  period  is  somewhat  dependent  on  inocu¬ 
lation  time.  Our  results  show  tendency  of  shortening  the  incuba¬ 
tion  period  as  the  Inoculation  was  done  at  later  period.  Also, 
Incubation  period  is  long  for  node  at  the  neck  of  panicle  and 
short  for  soikelet.  Incubation  period  for  node  of  rachls  and 
panic  e  branch  is  in  between  the  above  two. 

2.  Infection  Period  in  Mature 

Panicle  branch  blast  is  prevented  by  changing  the  period 
of  medicinal  spraying  or  combining  the  period  and  number  of 
spraying  at  farm  and  infection  period  is  investigated  from 
development  of  oanicle  branch  blast. 

a.  Experimental  Method 

Place;  Farm  of  Okavama  State  Agricultural  Experimental 
Station,  Kokuko  Okayama shi  •  , 
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7 hp^e  are  different  for  each  experiment 
end  the  results  are  shown  in  tables. 


rowder  per  10  a  end  l'O  1  liquid  rer  10a 
lassif icaticr. ;  3-';  continuous  sections  lump  method. 

Area;  Cue  section:  15-1". 5  souare  meters 

Table  2k 

Weather  Table  3  ( 19^*0 )  (Examined  by  weather  observatory 

of  Ckayama  Region) 


Medicine  spraying :  t 

Srravinr  re rind; 
lumber  of  sore vinr :  j 

Spra y in c  concentrati on ; J 

Amount  of  sura vinsc ?  &  K.t 


Keys  are  same  as  table  22  except 

13.  Big  rain  (.list,  22nd  day) 

1 c  .  Big  rain  (°th  day) 

Dawn  high  temperature 
17.  Strong  wind  (12th  dav) 

Strong  wind  (29th  dav) 

19.  Big  rain  dth,  7th  day) 


following 

17.  Medicine  soraving  (1st  day) 
Medicine  spraying  (2°th  day) 
Panicle  formation  period 
(11th  day) 

Medicine  spraying (21st  dav) 
Medicine  seravlng(~Qth  dav) 


Examination ;  In  middle-end  nart  of  October,  deseases  are  examined 
on  20-30  stocks  in  one  section.  Node  blast  and  neck 
blast  ere  compared  by  uanicle  desease  ratio.  Fanicle 
branch  blast  is  based  on  index  value  of  charter  II, 
and  panicle  desease  is  examined  in  10  separate 
classifications.  Following  equation  was  used  for 
panicle  branch  desease. 

Y  (Desease  of  each  panicle)  x  100  (%) 
Panicle  branch  desease  =  “Total  number  of  panicle 
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.  Spraying 
.  '-’ode  blast  ratio 

.  Keck  blast  of  panicle  desease  ratio 
.  Panicle  branch  blast 

Light  panicle  desease  ratio 
f'.  Medium  panicle  desease  ratio 
7.  Heavy  panicle  desease  ratip 
R.  Degree  of  para  i-le  branch  desease 

9.  Panicle  formation  period,  one  sprav 

10.  Panicle  formation;  completion  period:  two  sprats 

11.  Panicle  format!  on  -Pi  ilk  ripening  period,  three  sprays 

12.  Panicle  formation-Starch  ripening  period,  four  sprays 

13.  Fanicle  formation-initial  yellow  ripening  period,  five 

sprays 

14.  Standard,  no  spray 

15.  Remark  1)  Spray  dates  are  as  follows.  Panicle  formation 

period  p/IX,  panicle  completion  period  1 5/ XX, 
milk  ripening  period  24/IX,  starch  ripening  period 
30/IX,  initial  yellow  rioenina  period  8/X. 

2)  Parenthesis  indicates  prevention  ratio 


-  SI  - 


( 


o  In 


C 


':cn: 


io  in 


Prevention  ratio -  no  snr.17  ? e c ?.  i on )  -  r.".yrv  section) 

Desease  r:>iio  of  no  sorav  section 


1.0  J\ 


3)  Seal;  Negative  timbers  from  calculation  are  tree  t  ?:1 
.as  zero  prevention  effect.  This  is  followed  fro.-:, 
here  on. 

According  to  table  ?5.  r’eseose  ratio  of  liiaht  nniclc 
branch  blast  was  low  in  so car  ruction  compared  with  no  srr.o v 
section.  •  Between  each  spray  sections,  the  difference  in  light 
panicle  desen.se  ratio  was  not  larre,  and  the  ratio  was  a  litul  • 
low  in  4-5  times  sp.rav  sections.  Panicle  decease  ratio  of  modi::- 
and  heavy  svmntoms  was  hiyh  in  1-3  tim^s  spray  section  from 
nahicle  formation  period  to  milk  ripening  Period  and  no  differs 
was  observed  in  ,  no  spray  section.  However,  spraying 

at  starch  ripening  period  iV!  addition  to  three  times  of  spray 
reduced  the  panic  :c  d-*-so^se  ratio.  iodide  desease  ratio  fen' 
five  arrays  in ’initial  --allow  ri^enirv  period  was  about  s.  r.io  "-s 
that  for  four  sore  vs.  Decree  of  panicle  branch  desease  was 
high  In  1-3  s  ora  vs  section  and  tow  in  4-5  snravs  section. 
Therefore,  sorav  in  starch  r Iren  in -r  reriod  reduced  the  desease. 


Looking  back  at  weather  conditions  since  1955,  (see  table 
2?),  there  were  strong  wind  -without  rain  on  Sent.  1?  and  big 
rain  on  22nd  and  ?J7&  ric-ht  •  before  the  snray  of  milk  ripening 
period  (24/IX).  Weather  afterwards  vras  relatively  smooth. 


Considering  all  these  conditions  effects  Of  mediciee 
snray  we re  reduced  due  to  wind  an d  rain  of  middle-end  of  Sept¬ 
ember,  and  Infection  was  rapidly  spread  after  the  strong  wind. 
Thus,  the  opportunity  for  Infection  was  increased  from  the  end 
of  September  to  beginning  of  October.  Thus,  spraying  on  Sept. 

30  of  starch  ripening  reriod  prevented  bacilli  invasion  and 
considered  to  reduce  desease. 

Table  2^ 

Experiment  by  Spreading  Seresan  Line  (2)  (1959) 

(Average  of  3  section 
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Spreading  • 

Mode  blast  desease  ratio 
Meek  blast  desease  ratio 
Panicle  branch  blast 
Light,  rani  cl  e  desease  ratio 
Medium  panicle  desease  ratio 
Heavy  panicle  desease  ratio 
Degree  of  panicle  branch  desease 

Middle  period  of  young  panicle  formation,  one  spreading 
Latter  period  of  young  panicle  formation,  one  spreading 
Panicle  completion  period,  one  spreading 
Panicle  completion  period,  one  scree ding 
Milk  ripening  period,  on  spreading 

Middle  period  of  young  panicle  formation;  Panicle  completion 
period.  Iwo  spreading 

Latter  period  of  young  panicle  formation.  Panicle  formation 
period.  Two  spreading 

Panicle  formation  period.  Panicle  completion  period 
Two  spreading 

Panicle  completion  period.  Milk  ripening  period  iwo  spreading 
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Standard , 

Remark  1) 
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Po  sTr-eadinr 

Spreading  ds-es  ~rc  ?r  follows.  3rr-endi".~*  at 
middle  period  of  vour?  panicle  formation  ?.5/v  III, 
latter  period  of  vounsr  panicle  formation  2VVIII, 
Panicle  formation  period  5/1-1, 

Panicle  completion  period  11/11, 
iiil'.t  ripening  nericd  ?3/IX 
Parenthesis  indicates  '.'retention  -ratio 


Table  2^  shows  experimental  results  obtained  in  1559  by 
spreading  period  of  Seresnn  line,  icco^din?  to  table  2^, 
desease  is  small  in  one  spread ing  at  middle  neriod  of  y own p 
panicle  formation  (25/VIII)  cut  many  desease?  are  developed  at 
other  periods.  However,  the  desease  is  reduced  considerably  bv 
two  sorend  infs  as  a  result  of  nothin  ins*  two  periods. 


Specifically,  oanlcle  desease  is  the  least  in  two 
spread inm  during  -ladle  period  of  young  panicle  formation  and 
panicle  completion  neriod  {25/J11L,  15/11)  and  is  less  in  two 
s  oread  in  as  durig'g  latter  neriod  of  you>*g  nanicle  format  lot  and 
panicle  formation  period  (2Q./?III,  5/lX)  and  one  spreading 
during  middle  period  of  young  panicle  formation  (25/VIII). 
Fanicle  diseases-  in  other  causes  were  many  in  both  one  or  two 
snreadings.  Medium  and  serious  panicle  deseases  were  small  in 
cue  spreading  at  middle  period-latter  period  of  young  panicle 
formation  and  many  in  other  cases.  Two  spreadings  reduced 
panicle  deseases  specially  during  middle  period  of  panicle 
formation,  panicle  completion  period  and  latter  period  of  pani¬ 
cle  formation.  Fanicle  branch  decease  has  a  tendency  of  medium 
and  serious  panicle  desease  ratio. 


Weather  of  1959  (see  table  23)  indicates  that  the  clear 
weather  was  disturbed  by  strong  wind  of  August  °-9  and  rainy 
days  continued  until  August  15.  Temperature  was  little  lower 
than  usual.  After  august  15,  the  weather  was  good  with  small 
amount  of  rain  and  high  temperature  extended  to  beginning  of 
September.  From  second  5  days  of  September,  there  was  rain  and 
strong  wind  blew  on  Sent.  1?  and  26.  Weather  was  bad  between 
these  two  winds. 

Blast  desease  began  to  be  active  under  unseasonable 
weather  in  the  first  halo  of  August.  But  the  second  infection 
was  checked  by  medicine  spreading  (25/VIII)  during  middle 
period  of  young  panicle  formation.  The  spread  of  blast  deses.se 
after  the  middle  neriod  of  voung  panicle  formation  was  small 
because  of  good  weather  in  second  half  of  August.  Thus,  the 
freauenev  of  infection  was  considerably  reduced  and  the  deve¬ 
lopment  of  desease  was  very  small  under  these  conditions. 
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•■/hereas  node  bla j?.t  ■  'ro  neck  bio st  became  relo t iv°ly  '■ 
small  by  one  spreading,  panicle  ’'ranch  bln. of:  decease  was  not 
TfiP ch  reduced.  The  reason  Is  probably  as  follows.  Due  to  the  • 

<5 fleets  of  strong  wind  (Tent.  1?,  -'ort.  ?.'•') ,  'Environment  became 
oetter  for  development  of  do  see  se  and  opportunity  for  blast 
bacil.i.i  invasion  existed  at  the  end  of  September  and  ben  inning 
of  October  same  as  in  195b.  However,  in  node  r,v'd  neck  blast 
the  de senses  '■•as  few  in  snite  of  bacilli  invasion  during  this 
period.  On  the  other  hand,  the  raniclo  death  increased  as  a 
result  of  infection  during  this  neried. 

(2)  Investigation  by  Spread  in*  £v;,>  Emulsion 

Experimental  results  obtained  by  us  in/?  PM  A  emulsion 
in  195'  are  shown  in  table  27. 

.Table  2? 

Experiment  bv  Spreading  ;  ::a  Emulsion  (1955)  (Average  of 

3  sections) 
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1.  Spreading 

2.  Node  blast  ratio 

3.  Panicle  desease  ratio  of  neck  blast 

4.  Panicle  branch  blast 

5.  Rate  of  light  Panicle  desease 

r  •  Rate  of  medium  panicle  desease 
?.  Hate  ofserious  panicle  desease 
P.  Panicle  formation  period,  one  spreading 
9.  Panicle  growth  peri-.^,  one  spreading 
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10.  panicle  com  Let  ion  period,  one  spreading 

11.  Kll’c  ripening  rericd,  one  spreading 

12.  ?n,R icle  formation,  non Icle  growth  period ,  two  mrcedin- 
13*  Panicle  formation,  r, an  icle  completion ,  Two'  spread  in/ 

It.  Panicle  .  completion,  m i  1  ripening  period  ,  two  spread  in- 

Standard,  no  spreading 

Remark  1)  Spreading  dates;  panicle  formation  period  o' I 
panicle  growth  period  li /IX.  panicle  cote"! e t i 
■  _  r.erlod  15/IX,  mil’?  ripening  period  24/IX, 

2)  Parenthesis  indicates  prevention  ratio. 

3)  PM A  emulsion  was  obtained  in  Julv,  195^  from 
Agricultural  Technology  Research  Institute,  o 
contains  4-.  5  %  Fg.  Spreading  concentration ;  2 

1  times. 


Diseases  at  this  farm  were  generally  less.  Deceases 
were  developed  n.  litt?.a  more  in  section  of  one  spread  in r. 

No  large  difference  between  the  spreading  sections  was  obrerv**-c 
and  the  desen s^s  rare  developed  less  in  section  of  two  sr^ond 1  -r 
at  panicle  formation  and  panicle  completion  period.  Denc° son 
vrere  less  for  spread ing  at  panicle  formation  neriod  (-/IX)  or 
panicle  completion  period  (15/IX)  ond  a  little  more  for  sprea¬ 
ding  at  milk  ripening  period  (2VIX) .  Desea ses  were  in  between 
above  two  for  spreading  at  panicle  growth  period.  De senses  were 
probably  developed  a  little  more  for  coreading  during  '"ilk 
ripening  nopiod  due  to  'washing  of'medicine  bv  bad  weather. 
Panicle  branch  blast  was  less  developed  through  1-2  spreading 
during  panicle  formation  period  because  medicine  lowered  coni- 
dial  density  of  blast  bacilli  an’d  reduced  Infection  of  young 
panicle.  Also  the  spreading  during  panicle  completion  period 
was  useful  In  Preventing  infections.  In  195^ »  the  most  Infec¬ 
tious  period  of  panicle  branch  blast  was  considered  to  be  the 
end  of  September  as  mentioned  previously.  In  this  experiment , 
it  was  difficult  to  determine  Infectious  period  because  the 
medicinal  spreading  was  not  conducted  during  this  period. 

(3)  Investigations  bv  Spreading  Blast-Siding  S 


Table  23  shows  experimental  results  from  spreading 
30  00m  ’ola3t  siding  S  in  19^0.  According  to  table  28,  develop¬ 
ment  of  light  desease  in  panicle  branch  blast  was  a  little  more 
in  section  of  one  spreading.  There  was  almost  no  difference  in 
development  of.  desease  between  the  spreading  section  of  both 
panicle  formation  period  (1/IX)  and  starch  ripening  period 
(23/IX)  and  no  spreading  section.  Panicle  desease  rate  In  two 
spreading  section  including  panic!*  formation  period  was  rlimh- 
tlv  tower.  In  medium  ar.d  serioui  defenses,  panicle  desease 
rate  was  slightly  lower  in  one  spreading  section  but  no  differ¬ 
ence  existed  between  the  spreading  periods. 
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1.  Snrendlr.g  s*otion 

2.  fanicle  decease  rate  of  r.eck  blest 
r  nicle  branch  blast 

4.  In  nicle  ns  esse  rnt~  in  light  decease 

5.  Panicle  desense  rate  in  redlvm  decease 

6.  iunicle  desense  rate  in  serious  disease 
?.  Decree  of  ran'cle  branch  desease 
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8.  First  half  period  of  panicle  formation  .(21a  3),  one  soreac in 

9.  Latter  half  period  of  panicle  format ion (Bla  S),  one  spreacin 
10*  Milk. ripe-  period  (Bla  3),  one  spreading 

■  11.  Starch  ripe  period  (Bla  3),  one  spreading 
'  12_.  First  half  panicle  formation  period  (Bla  S) ,  Latter  half 
<  period  (Ela.  3),  two  spreadings. 

13*  Same  a's  above  (mercury) , '  same  as  above  (mercury),  two 
'■>  spreadings 

'  14.  Same  as  above  (Bla  .S'),  same  as  above  (mercury),  two 
spreadings 

,15.  Same  as  above  (mercurv)  ,  same  ss  above  (Bla  S),  two 
spread  in-rs 

1^.  Latter  half  -  of  panicle  formation  period  (Bla  S),  milk  rire 
period  (Sl&S),  two  spread insrs 
17  f  Same  as  above  (mercury),  same  as  above  (mercury) two 
s  oread  in  ~s 

13.  Same  as  above  (Bla  3),  same  as  above  (mercury)  two  spread in 
19.  Same  as  above  (mercurv),  same  as  above  (Bla  S).  two 
spreadings 


20.  Standard,  no  spreading 

21.  Bemark  1)  Spreading  dates.  First  half  cf  panicle  formation 

ju  period  1/IX,  latter  half  of  panicle  formation 

-  S/IX,  milk  ripe  period  21/IX,  strrch  rip  e  period 

"•2.-^-;^.  2B/IX.  .  ’ 

2)  30  rpm  blast  siding  S  and  mercury  was  the  actual 
V.  fumlron  concentration,  (two  furairon  tablets  per 

i  2" ..  15  liters  of  water) 

"•  1  3)  Parenthesis  indicates  prevention  rate 


While  panicle  desease  rate  for  each  period  was  not  much  differ¬ 
ent  in  serious  and  medium  desease,  the  desease  rate  for  starch 
ripe  period  was  high  in  light  desease.  These  are  considered  to 
be  due  to  the  infections  after  starch  ripe  period.  Also,  a  few 
deseases  In  two  spreading  sections  including  panicle  formation 
period  were  due  to  the  reduction  of  infectious  sources.  In  two 
spreadings  of  blast  siding  S  or  this  and  mercury,  panicle  brace 
blast  was  specially  few  in  milk  ripe  period.  This  indicates  a 
large  effect  of  blast  siding  S  spreading  during  milk  pipe 
period. 


Considering  the  experimental  results  for  three  years, 
panicle  branch  blast  was  checked  bv  the  spreading  during  starch 
ripe  period  in  1958  (table  25).  and  the  desease  was  specially 
reduced  by  spreading  during  panicle  growth  period  in  addition 
to  young  panicle  formation  period. in  1959  (table  2^).  In  19^0, 
the  results  are  almost  similar  to  previous  year  (table  2^), 

The  reason  for  the  decrease  of  deseases  by  medicinal  spread in  ; 
before  panicle  growth  period  is  that  the  spreading  in  this 
period  reduces  density  of  infectious  source  and  decrease  infec¬ 
tions  after  panicle  growth.  The  reason  for  the  decrease  of 
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desease  bv  medicinal  spreading  after  panicle  growth  period 
is  that  it  mainly  prevents  the  infections.  From  these  results, 
we  can  say  that  nanicle  branch  blast  is  infected  gradually 
over  long  period  of  time  from  nanicle  formation  to  starch  ripe 
period.  The  Most  infectious  period  was  strongly  affected  by 
weather  and  different  from  vear  to  vear. 

3.  Summary 

Inoculation  period  of  panicle  blast  branch  is  differ¬ 
ent  depending  on  the  parts  of  initial  infection  and  infectious 
period,  but  was  about  7. 5-11  days.  Medicine 1  soreadings  during 
each  period  from  panicle  formation  to  beginning  of  yellow  ripe 
period  vrere  effective  in  some  cases  and  ineffective  in  other 
cases.  Considerations  of  conditions  during  medicinal  spreading 
and  incubation  period  indicate  that  panicle  branch  blast  is 
Infected  over  the  long  period  of  time  from  panicle  formation 
to  starch  ripe  period. 

Infections  of  splkelet  and  panicle  branch  by  inoculation 
are  clearly  shown  by  experimental  observations  of  chapter  II 
and  even  clearer  in  chapter  VI.  Ofcourse,  the  most  infectious 
period  differs  considerably  from  year  to  year  due  to  variable 
yearly  environment,  but  it  is  clear  that  panicle  branch  blast 
is  easily  occurred  by  Infection  during  later  period. 

VI  Infection  at  Later  Period  and  Damage 

Although  infections  of  panicle  branch  blast  are  known 
to  occur  over  the  long  period  of  time,  damages  due  to  Infections 
at  later  period  are  not  clear.  Thus,  we  have  attempted  to 
verify  these  from  outdoor  experiment. 

1.  Experimental  Method 

Aichlasahi  (weak  resistance)  and  Tosan  no,  38  (  \ 
strong  resistance)  were  studied  outdoor  in  a  pot  (inner  square 
50  x  50  cm,  depth  30  cm  and  concrete  bottom)  about  5  cm  of 
gravel  is  packed  at  the  bottom  of  pot,  and  about  IS  cm  of  field 
soil  is  placed  on  top  of  it.  As  fertilizers,  4o  g  of  ammonia 
sulfate,  60  g  of  phosphate  lime  and  16  g  of  potassium  sulfate 
are  given.  Planted  on  Mav  7.  and  transplanted  on  June  22. 

9  stocks  (4  pieces  per  one  stock)  were  planted  in  a  pot. 
Additional  5  e  of  ammonium  sulfate  were  given  on  July  20  and 
August  21.  Three  inoculation  periods  of  panicle  completion  . 
period,  milk  ripe  period  and  staren  ripe  period  (for  Tosan 
no.  3%  yellow  ripe  period  was  added)  were  established  and 
two  pots  cf  each  kind  are  used  for  one  period.  Three  stooks 
per  pot,  total  6  stocks  were  used  without  inoculation. 
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Hide  plant  without  Inoculation  was  covered  with  polyethylene 
l  bag  and  isolated  from  adhesion  of  conidlum.  Inoculation  of 
•^bacilli  (? -2  strain)  was,  conducted  by  sprav  method  and  panicles 
weris  "Cbv.ered  with  polyethylene  bast  immediately  afterwards. 

‘  They  are  left  two  da vs.  Each  plants  are  marked  by  the  dates  so 
that  inoculation  dates  can  be  traced.  Number  of  infections  was 
eramlned  13  days  after  inoculation,  and  degree  of  nanicle  bran- 
ch  deaease  was  examined  3  weeks  after  inoculation  and  October 
24-25.  Examination  of  desease  was  conducted  by  the  method  of 
chapter  II. 

Experiment  of  later  period  infection  was  conducted  with 
panicles  having  same  date  of  forming  node  at  the  neck  of 
panicle.  Thus,;  the  size  of  nanicle  was  made  even.  In  experiment 
of  Alchiasahi,  node  at  the  neck  cf  panicle  was  formed  at  9-10th 
of  September  and  in  Tosan  no.  3  ♦  it  was  formed  on  5-6  th  of 
September.  Desease  of  panicle  branch  whose  node  at  the  neck  was 
not  invaded  was  examined  on:  3  weeks  vf ter  inoculation.  The  ’ 
panicles  are  cut  at  the  end  of  October  and  dried  by  wind  for 
about  a  month .  Panicle  weight,  number  ratio  and  weight  of 
1,000  grains  Unpolished  rice  were  measured. 

■  :V‘  These  experiments  are  conducted  at  Agricultural  Techno¬ 

logy  Hesearch  Institute  (Nishlkehara  Kitaku  Tokyo)  in  1956 
and  the  weather  of  that  year  is  shown  in  Figure  6.  _ 


n«fc  — M3,  >»—  usj/t 

..  .  .  _ rcmarki  inoculation,  typhoon 

Fig,  ft— Showing  daily  average  temperature,  daily  precipitation, 

Sate  of  typhoon  and  duto  o £  inoculation  during  tho 
courae  of  the  outdoor  experiment  in  1956, 
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2.  Experimental  Results 

a.  Infection  at  Later  Period,  arid  Development  of 
Desease 

Distribution  of  panicles  during  inoculation  by 
number  of  days  after  node  at  the  heck  of  panicle  is  formed  is 
shown  in  table  29. 


Table  29 

Distribution  of  Panicles  during  Inoculation  by  Number 
of  Days  after  Node  at  the  Neck  of  Panicle  is  formed 
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1.  N"  umber  of  days  after  rode  at  the  neck  of  ^enlcle  Is  formed 

2.  Alohiasahi,  A  section,  B  section,  C  section 

3.  Tosan  no.  3^.  A  section,  3  section,  C  section 

4.  Hemark  1)  A  section  of  Alcfciasahi  was  Inoculated  at  ll/IX, 

B  section  1°/IX  end  C  section  ?o/IX 
2)  A  section  of  Tosan  no.  3 3  was  inoculated  at  6/IX, 

3  section  ll/IX  and  C  section  10/IX. 

According  to  table  29,  Alohiasahi  was  examined  from  3  days  before 
to  24  davs  after  node  at  the  neck. of  panicle  was  formed. 

Panicles  used-  during  panicle  completion  peried  are  from  3  days 
before  to  7  davs  after  node  at  the  neck  of  panicle  was  formed 
when  considered  bv  classification  of  inoculations  and  most  of 
them  are  the  panicles  from  immediately  after  to  3  days  after  the 
node ' formation.  In  inoculation  during  milk  ripe  period,  the 
panicles  are  6-13  days  after  the  node  .  format  ion  and  most  of  them 
are  /-9  days  after  neck  formation.  In  inoculation  during  starch 
ripe  period,  the  panicles  are  13-24  da^s  after  the  node  at  the 
neck  of  panicles  was  formed,  and  most  of  them  are  lo-20  days. 
Similarlv  in  Tosan  no.  33,  panicles  for" completion  period  are 
from  Immediately  after  to  two  days  after  node  at  the  neck  of 
panicle  was  formed,  2-6  days  after  node  formation  for  milk 
ripe  period  and  10-13  days  after  node  formation  for  starch 
Pipe  period.  •  Although  the  above  examinations  are  lacking 
during  yellow  ripe  period,  most  of  them  are  estimated  to  be 
25-29  days  after  node  at  the  neck  of  panicle  was  formed  since 
panicle  growth  .period  was  Sept.  3  and  Inoculation  was  conducted 
on  Oct.  4.  The  period  when  more  than  half  had  formed  node  at 
the  neck  of  panicles  corresponds  to  3-4  days  after  the  growth 
period. 

Table  JO  shows  number  of  infections  on  each  parts  of 
panicle  on  13th  day  after  Inoculation. 

According  to  table  30,  many  deseases  were  developed  in 
splkelet  and  particularly  severe  for  inoculation  at  later  period. 
Tosan  no.  33  had  9  spots  of  deseases  per  panicle  for  inocula¬ 
tion  at  starch  ripe  period.  Deseases  on  node  of  panicle  branch 
or  rachls  were  very  few  compared  with  splkelet.  However,  the 
number  of  infections  increases  for  inoculation  at  latter 
period  similar  to  the  case  of  splkelet. 
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Inoculation  at  Later  Period  and  Infections 
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10.  Devoluted  panicle  branch 

11.  Node  at  the  neck  of  panicle 
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Table  31 


Inoculation  at  Later  period  and  Development  of  Desease 
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1 .  Kinds  6.  Total 

2.  Inoculation  date  7.  October  24 

3.  3  weeks  after  Inoculation  S.  Panicle  branch  blast 

4.  Panicle  branch  blast  9-  Neck  blast 

5.  Neele  blast  ;  10.  Total 

11.  Aichiasahi  (Panicle  completion  period) 

(milk  ripe  period) 

(starch  ripe  period) 
no  inoculation 

12.  Tosan  no.  33  (panicle  completion  oeri-a 

(milk  ripe  period) 

(starch  rine  period) 

(yellow  ripe  period) 

no  inoculation 

13.  Remark  1)  Degree  of  panicle  branch  desease  (!)  was  compared. 

Parenthesis  indicates  index 

Infection  of  n'de  at  the  neck  of  oanicls  had  venue nev  to  increase 
for  inoculation  at  later  period  but  were  very  few  in  Tosan  no. 

3s  for  inoculation  at  yellow  rise  period.  Examinations  on 
number  of  infections  are  missing  In  some  of  Aic  iasahi  for 
Inoculation  at  starch  rice  period  and  In  sore  of  Tessin  no.  38 
for  inoculation  at  yellow  ripe  period.  These  examinations  were 


- 


cancelled  because  of  earl*?  n-.-.IcIe  death  v.  ter  devetonaeat  of 
cesense.  According  to  observations.  Infections  of  "3ni'relet 
and  raniclr  branch  are  charactcaisticaliv  lor-'e  in  both  sections, 
•boa  these  experimental  results.  It  Is  clear  that  nanicle 
branch  is  easllv  Infected  at  later  period  after  heading. 

Desease  was  not  observed  in  standard  without  inoculation. 


Table  31  shows  the  decree  of  panicle  branch  desease. 
According  to  the  table,  the  degree  of  nanicle  branch  desease 
in  "ichiasahi  on  3  weeks  after  inoculation  was  13.7  %  for  pan¬ 
icle  completion  neriod,  ??.■$  £  for  milk  ripe  neriod  and  61.6  % 
for  starch  rioe  period.  The  deseases  increase  signif icantly  for 
later  neriod  inoculation  after  heading.  Tosan  no.  JS  had  an 
entirely  similar  ^tendency  in  the  development  of  deseases. 

They  reached  72  %  for  inoculation  at  yellow  rine  neriod.  Many 
deseases  were  developed  on  October  24  right  before  harvest. 

Neck  blast  is  slightly  fevrer  than  nanicle .  branch  blast 
or  about  the  same  (end  of  October).  On  three  weeks  after  inocu¬ 
lation,  the  deseases  tend  to  develop  more  for  inoculation  at 
later  neriod  but  less  at  the  end  of  October  right  before  har¬ 
vest  in  both  kinds.  This  reversal  In  the  tendency  of  desease 
development  is  an  interesting  fact  compared  with  the  tendency 
of  nanicle  branch  blast.  The  effects  on  the  death  of  panicles 
are  different  depending  on  the  infected  parts  and  periods. 

From  the  proportion  of  panicle  branch  blast  among  total 
nanicle  blasts,  the  following  can  be  said.  1)  Panicle  branch 
blast  was  about  half  of  total  nanicle  blasts  when  inoculated 
soon  after  heading.  However,  nanicle  branch  blast  was  high  in 
inoculation  after  starch  rine  neriod  and  6?  %  in  Aichiasahi- 
for  inoculation  on  September  23.  Whereas  it  was  92  %  in  Tosan 
no.  33  for  inoculation  on  October  4.  2)  The  nronortion  of 
nanicle  branch  blast  and  nscK  blast-  was  different  depending  on 
the  neriod  of  examination  even  if  they  were  inoculated  at  the 
same  neriod.  The  ratio  of  nock  blast  becomes  high  with  increase 
in  elapsed  days  after  inoculation.  Conversely,  the  ratio  of 
nanicle  branch  blast  becomes  low.  The  reasons  are  the  following. 
Neck  blast  does  not  cause  the  death  of  panicles  In  short  period 
of  davs  after  infection  and  the  expanded  lesion  results  in  a 
’white  panicle.  The  nanicle  branch  blast  Invades  the  node  at  the 
neck  of  panicle  due  to  death  of  panicle  and  is  counted  as  neck 
blast  at  the  end  of  October. 

Variation  of  nanicle  branch  blast  inoculated  at 
period  after  heading  is  shovr  in  figure  ?. 


different 


Fig.  7. — Variation  of  panicle  branch  blast  inoculated  at  different 
period  after  heading.  Upper,  variety  Aichiasahi ;  Lower, 
variety  Tosan  3S. 


1.  Panicle  branch  blast  (%) 

2.  Aichiasahi 

3.  Tosan  no.  38 

4.  Days 

Aichiasahi  in  Fig.  7  shows  that  panicles  have  nos1:  deseases 
during  heading  and  become  more  and  more  resistant  as  the  davs 
elapse  after  heading.  Conversely,  the  panicles  inoculated  .  at 
milk  ripe  period  and  starch  ripe  period  had  more  deseases  with 
elapsed  days  after  heading.  Tosan  no.  38  had  similar  tendency 
as  above. 

Weather  during  the  experiments  (see  fig.  6)  was  low 
temperature  of  average  25°C  at  the  end  of  August  and  warm  tem¬ 
perature  with  clear  sky  at  the  beginning  of  September.  According 
to  weather  bureau,  autumn  weather  visited  earlier  in  September. 
There  was  Plenty  rain'  after  the  middle  of  September  and  typhoon 
on  September  10  ar.d'  26. 

As  can  be  seen  from  this  weather,  inoculations  on  Sept. 

10  and  Sept.  2d  correspond  to  the  dav  ri-Tht  after  evohoon. 
Therefore,  one  of  the  reasons  for  development  of  ma-y  ccseascs 
in  old  panicles  In.  this  experiment  was  chat  the  infection  was 
promoted  cy  wounds  from  tyrho-m  ar.d  the  desease  has  smoothly 
progressed  br  a  long  rain  in  second  half  cf  September,  deseases 
In  panicle  completion  period  were  -anv  in  veusg  panicles  whereas 
in  milk  ripe  and  starch  rime  aeriod,  the  desen  r were  mtnv  l 


no  e'u’hnt  old  nnnicles.  This  se'-r.s  to  confirm  the  relation 
between  deserve  and  wound  f  rom  rind  ns  described  in  chanter  IV. 
From  this  experiment ,  Infection  and  death  of  panicle  branch 
occur  about  20  days  after  the  heading  of  nede  at  the  neck  of 
panicle  in  Aichiasahi  (23 -2/s-  d&'r-3  after  panicle  completion 
period).  and  about  30  d&vs  after  the  head  in a  in  Tosan  no.  3^ 
(33-3/4.  days  after  panicle  completion  period). 

b.  Infection  at  Later  Period  and  Damage  of  Grain 

Table  32  shows  the  relation  between  inoculation 
period  and  weight  of  rice  ear,  spikelet,  and  ./eight  of  1000 
grains  of  unpolished  rice. 

Table  32 

Inoculation  at  Later  Period  and  Grains 
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1.  Kinds 

2.  Inoculation  period 

3.  Inoculation  date 

t .  Degree  «-f  panicle  branch  desease 

5.  height  of  one  ear  of  rice 

A.  -Pikelet  ratio 

?,  .>eight  of  1,000  grains  cf  unpolished  rice 
^lchlasahl  no  inoculation 

rnnicle  completion  peric-d 
u*l>  rice  cerl'd 
starch  ripe  period 
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%  ioaan  no,  3^  no  Inoculation 

panicle  completion  period 
nilk  rice  period 
starch  rioe  period 

10.  Renark  1)  Ears  of  nlchiasahl  whose  node  at  the  neck  of 

•panicle  was  formed  on  9-10th  of  September  were 
examined  and  those  of  Tosan  no.  3^  whose  node 
at  the  neck  panicle  was  formed  on  5-6th  of 
September  were  examined. 

According  to  table  32,  the  desease  in  both  kinds  was  the  least 
when  the  pan icles*. were  inoculated  at  panicle  completion  period, 
medium  at  milk  ripe  period  and  the  most  at  starch  ripe  period. 

No  desease  was  observed  in  rice  plant  without  inoculation.  In 
Aichlasahi,  1)  Weight  of  ear  was  2.0  g  ’without  inoculation 
whereas  it  was  1.6  6  in  inoculated  sections.  In  spite  of  a 
considerable  number  of  deseases  during  starch  ripe  period,  it 
was  not  light.  2)  Splkelet  ratio  was  ?.6  %  in  no  inoculation 
section,  22.2  %  in  panicle  completiin  Period  and  26.2  %  in  milk 
ripe  period  and  increases  in  proportion  to  development  of  desease. 
In  starch  ripe  period,  it  was  18.9  %  and  did  not  increase  in 
proportion  to  desease.  3)  Weight  of  1,000  grains  of  unpolished 
rice  was  21.44  g  in  no  inoculation  section,  20 .64  g  in  ear 
completion  period,  20.24  g. in  milk  ripe  period  and  20,15  g 
in  staroh  ripe  period.  It  was  slightly  lighter  for  inoculation 
at  later  period,'  Thus,  the  more  the  deseases  are,  the  lighter 
it  is,  Tosan  no.  38,  had  about  the  same  tendency  as  above. 

These  results  Indicate  that  the  blast  bacilli  invade 
in  about  3  weeks  after  heading  in  Aichlasahi  (weakly  resistant) 
and  about  two  weeks  after  heading  in  Tosan  no,  JS  (strong  resis¬ 
tant),  and  cause  the  death  of  panicle  branch.  As  a  result,  the 
quality  is  lowered.  In  the  case  of  infection  at  later  period, 
the  weight  of  ear  and  splkelet  ratio  do  not  become  worse  in 
proportion  to  the  degree  of  desease.  This  is  probably  due  to  a 
certain  degree  of  grain  formation  prior  to  Infection.  The  reason 
for.  decrease  in  weight  of  1000  grains  of  unpolished  rice  by  the 
later  period  inoculation  is  that  they  are  invaded  after  the 
grains  are  formed  to  a  certain  degree  and  these  trains  are 
counted  as  unpolished  rice. 

VII  Discussion 

1.  Development  of  Desease 

The  parts  of  initial  infections  in  panicle  branch 
blast  are  mainly  splkelet,  node  of  rachis  and  node  of  panicle 
branch.  Sometimes,  the  Infections  can  be  se°n  in  devoluted  parts 
of  each  organ  or  the  space  between  the  nodes.  The  lesions  extend 


to  the  direction  cf  lower  rerts  frcu  tb*  infected  wot*#  In 
r.th'ttT  words,  the  Ins  lens  exa^nl  in  the  direction  of  node  at  the 
neck  of  *v*nicl  c.  If  the  lower  pnrtn  of  ref  or?  were  Invaded  due 
to  "death  of  ear** ,  the  panicle  branch  locat‘d  on  upper  part  of 
node  dies  and  the  dead  rare  of  ear  expands  rapid!*/.  The  spikelet 
on  onrsicle  branch  cease  to  ripen  end  produce  incomplete  rice. 
Expansion  of  lesion  in  voung  ear  is  very  mold  and  the  deseas 
developed  in  voung  ear  causes  damages  over  the  wide  area. 

The  damages  are  larger  if  the  parts  of  initial  infections  are 
lower  uarts  of  ear.  Deseases  of  soikelet  ore  easily  developed 
and  the  number  of  deseases  is  also  large.  Thus,  the  damage  due 
to  spikelet  infection  occupies  more  than  half  or  most  of  total 
damage  in  panicle  branch  blast.  "The  death  of  ear."  due  to 
spikelet  desease  dees  not  affect  the  entire  primary  panicle 
branch.  However,  the  desease  of  spikelet  located  near  the  node 
at  the  neck  of  panicle  causes  neck  blast.  Similar ly  the  desease 
of  spikelet  located  near  the  node  of  rachis  causes  the  rachis 
^last  and  inflict  a  large  damage. 

The  machanism  of  desease  development  in  panicle  branch 
blast  vras  investigated  bv  Sawada  (1927),  Kitsui  (193*) i  Ito 
et  al  (1937),  Xono(195^)  ?.nd  Kono  and  Suzuki  (19*0)  and  node 
of  rachis  or  node  of  panicle  branch  was  considered  to  be  the 
parts  of  initial  infection, 

Sawada  (1927)  has  observed  many  infections  on  .junction 
part.  The  reason  is  that  existence  of  white  hair  makes  dev; 
drops  adhere  on  junction  part  of  ear.  This  also  makes  adherence  . 
of  blast  bacilli  coniaium  and  invasion  of  bacilli  easy,  thus 
creating  the  favorable  environment  for  expansion'  of  lesion. 

Vie  have  also  observed  the  infection  of  node  of  rachis  and  node 
of  panicle  branch.  In  this  cart,  the  desease  tends  to  advance 
rapidly  in  the  direction  of  the  node.  This  is  in  agreement  with 
the  view  point  of  Sawada.  Yoshii  (1936)  has  investigated  the 
method  of  blast  bacilli  invasion  and  reported  that  epidermis 
or  leaves  near  the  junction  point  in  node  of  panicles  are 
most  easily  Invaded  in  agreement  with  the  view  point  of  Sawada. 
Ito  et  al  (1937)  observed  the  Invasion  of  blast  bacilli  on 
junction  part  of  panicle  and  reported  that  the  bacilli  invasion 
takes  place  on  inside  of  junction  part.  Recently,  Kono  and 
Suzuki  (i960)  cut  the  ear  before  heading  and  inoculated. 

As  a  result,  they  observed  bacilli  Invasion  in  many  parts  of 
ear.  The  parts  of  Initially  ^developed  natural  desease  (25-30 
days  after  heading  )  were  mostly  node  of  rachis  and  node  of 
panicle  branch  in  addition  to  leaves.  The  deseases  on  the 
space  between  the  nodes  were  few . 

We  have  similarly  observed  important  role  of  node  of 
rachis  or  node  of  panicle  branch  as  a  part  of  Initial  Infection. 
However,  above  reports  differ  from  our  view  point  in  that  the 


<S«v«iooa#nt  of  roniele  branch  fol*«3t  based  on  nnikiaiet  '  infac-lcn 
•  are  not  mentioned  in  their  reoorc.  Although  ^tiribaranhi  Cl92^j 
already  reported  that  sribelet  itself  is  easily  invaded,  no 
rent  ion  has  fce*n  cade  on  the  f^ct  that  "'death  of  car"  from 
solVelet  blast  causes  the  conicle  branch  blast . 

2.  Infection  of  Snlkelet 

When  blast  bacilli  invade  a  young  spikelet,  the 
parts  on  lemma  are  eosilv  penetrated  and  bacilli  invade  through 
nenbrane  of  external  enldermls. 

Suzuki  (193^)  studied  nenetration  method  of  bacilli 
in  spikelet  and  reported  that  conidiura  drops  into  glume  in 
bloom  or  bacilli  reach  the  soikelet  through  anther  and  probably 
invade  glume  or  rice  grain.  Since  the  tissues  in  internal 
epidermis  ofglurae  are  soft,  penetration  seems  to  be  easy. 

Also,  bacilli  of  wheat  mould  are  said  to  invade  through  internal 
epidermis  (Pugh  et  al  1933)  or  anther  (Goto  et  al  1953 1  Nishimon 
1958).  Therefore,  this  nossibility  exists  in  blast  bacilli 
and  Suzuki' s  theorv  is  interesting  from  the  standpoint  of 
infection  mechanism.  H.ovrever,  the  conidial  dispersion  is  few 
in  day  time  (Kuriba.vashi  et  al  1952)  and  the  opening  of  glume 
in  spikelet  is  done  in  short  time  during  the  day  (Hagai  1949). 

We  have  also  observed  that  spikelets  are  easily  infected  during 
the  ripening  period.  Thus,  the  mechanism  of  spikelet  blast 
Infection  can  be  explained  by  Suzuki' s  theory  in  many  cases. 

When  blast  bacilli  invade  leaves  of  rice  plant  and  node 
at  the  neck  of  panicle,  they  penetrate  through  epidermis 
( Mat suura  1928,  Suzukata  et  al  1931,  Yoshii  1 933  and  1934, 

Kamura  1940).  ^ince  glume  is  considered  to  be  similar  organ  as 
leaves  (Breda  De  Kaan  1911),  it  is  quite  reasonable  that  the 
penetration  of  bacilli  in  glume  is  through  epidermis.  However, 
glume  lacks  special  cellular  tissues  that  siliciiy  difficultly 
unlike  leaves  and  has  a  soft  internal  epidermis.  Thus,  penetra¬ 
tion  and  activity  of  bacilli  after  penetration  including  appe¬ 
arance  of  symptoms  are  somewhat  different  from  the  case  of 
leaves. 


When  unrinened  spikelets  are  inoculated,  the  desease  is 
rapidly  developed  and  the  s'onptoms  start  to  appear  in  72  hours 
after  inoculation.  Lesions  on  glume  turn  to  greyish  white  color 
around  the  penetrated  parts  and  expands.  The  dead  parts  are  not 
clear  in  many  cases  but  different  from  typical  lesion  on  leaves. 
This  grevish  white  lesion  sometimes  resembles  the  white  lesion 
on  leaves.  In  spikelet  blast,  a  small  brown  lesion  similar  to 
brown  type  In  leaf  blast  appears  in  addition  to  greyish  white 
lesion. 


-  ?0  - 


At  on  Advanced  sfcafcn  nf  <£c?ir- r.c&  eon  id  I".  'vro  awrkcdly 
increased  on  enidewls  of  dana^-nd  s"i>e-let  *= nd  panicle. 

Svol  (1940)  observed  can  i  d la  1  forraticn  in  v  scalar  bundles 
of  dead  leaves,  but  re  heve  net  observed  conic iai  formation 
on  tissues  of  glume  in  our  exrerineut.  Desense  is  easily  deve¬ 
loped  in  young  snikelet  and  ccnidial  formation  seems  to  be 
raoid  due  to  the  fast  advancement  of  desease.  This  conidium  is 
considered  to  form  a  source  of  secondary  infection  in  neck  and 
panicle  branch  blasts  at  later  period. 

Tip  of  lemma  in  snikelet  is  easily  invaded  and  the  reason 
for  this  is  as  follows.  1)  Lemma  has  wider  surface  area  than 
nalea  and  shoulder  part  is  saddle  shape  with  many  hair. 
Therefore,  the  bacilli  have  a  better  opportunity  to  adhere 
near  the  tin  of  lemma.  2)  Considering  the  structure  of  glume, 
moisture  holes  and  stomata  are  more  at  the  tin  than  other  parts. 
The  discharged  liquid  from  moisture  holes  promote  the  formation 
of  dev;  drops  and  termination  and  growth  of  bacilli.  3)  There 
are  many  hairs  at  the  tin  and  the  large  hairs  se-'-m  to  be  easily 
damaged  by  the  friction  of  snikelet.  Therefore,  the  Infection  • 
due  to  wound  increases.  4)  Internal  epidermis  or  soft  tissues  ■ 
are  more  at  the  tin  than  other  parts.  Although  there  may  be  no 
direct  relationship  between  the  development  of  soft  tissues  and 
difficulty  of  bacilli  penetration,  these  parts  provide  a  favor¬ 
able  environment  for  activity  and  spread  of  bacilli.  5)  Many 
stomata  at  the  tip  mean  the  presence  of  biologically  active 
■tissues.  Also,  at  the  tip  of  snikelet,  the  contact  of  palea 
and  lemma  is  not  close  and  internal  epidermis  can  be  directly 
contacted  to  outside.  Thus,  the  blast  bacilli  can  easily  Invade  , 
through  the  tip.  , 

In  short,  the  tip  provides  a  favorable  conditions  for 
penetration  and  spread  of  blast  bacilli  and  promotes  the  infec¬ 
tion  and  development  of  desease. 

3.  Wound  and  Panicle  Branch  Blast 

The  ear  receives  severe  wounds  from  treatment  of- 
artificial  wind,  and  the  deseases  of  panicle  branch. blast 
Increase.  The  desree  in  development  of  desease  is  ciosely 
related  to  the  number  of  wounds  and  severe  wounds  cause  more 
deseases.  Suzukata  et  al  (1931)  and  Sakamoto  (1940)  also 
reported  that  vrounds  make  Infection  of  leaf  blast  easier. 

Shimada  (1937)  reported  that  other  parts  of  rice  plant  in 
addition  to  wounded  r.arts.are  susceptible  to  desease  in  leaf 
blast.  Bar  treated  b?*  artificial  wind  mav  have  the  effects 
reported  by  Shimada,  but  this  relationship  was  not  found. 

It  was  frequently  reported  that  panicle  blast  increases  after 
typhoon  (Yoshlda  1943.  Chda  et  al  1954,  Agihara  et  al  1958). 


H 


Our  experimental  results  seem  to  orove  these  observations. 

4.  Period  of  Infection 

t  The  incubation  period  was  somewhat  lonrer  in  young 

materials  and  shorter  in  old  materials.  The  development  of  dece¬ 
ase  was  rapid  in  young  splkelet,  and  svmntom  of  decease  appears 
In  3.5-4  days  after  inoculation.  The  incubation  trrriod  was  more 
or  less  'different  depending  on  the  parts  of  panicle.  The  short 
incubation  Period  in  spikelet  is  due  to  presence  of  many  soft 
tissues  and  rapid  spread  of  bacilli.  On  the  contrary,  the  long 
incubation  period  in  node  at  the  neck  of  panicle  or  node  of 
rachis  is  due  to  presence  of  thick  membrane  tissues,  and  slow 
pread  of  bacilli.  Thus,  it  is  difficult  to  observe  symptom  of 
desease  at  initial  period  in  this  case. 

From  investigation  of  natural  infectious  period  at  farm, 
we  have  observed  that  infection  of  panicle  branch  blast  occurs 
not  only  at  early  neriod  but  also  later  period  including  starch 
ripe  period. 

5.  Ihfectlons  at  Later  Period  and  Damage 

Infectious  period  of  nanicle  branch  blast  was  consi¬ 
dered  to  be  about  the  same  period  as  neck  blast  .ludving  from 
the  effective  period  of  medicinal  prevention  (Fakagav.;a  et  al 
1954  and  1955 ,  Yasu  et  al  195? »  Mori  et  al  1953 ,  Yamanaka  et  al 
1958,  Motohashi  et  al  1959*  Kogawa  et  al  I960,  Yamauchi  et  al 
i960).  In  the  farm  where  neck  blasts  are  high,  the  infections 
of  nanicle  branch  blast  and  neck  blast  are  numerous  right  after 
heading  and  the  damage  of  ear  increases  due  to  expansion  of 
lesion.  Thus,  the  damage  due  to  Infection  at  later  period  was 
hidden  and  seemed  to  escape  observation.  Also  the  mild  panicle 
branch  blast  was  not  Included  in  the  standard  of  desease  exami¬ 
nation  (Prevention  of  plant  eoidemics  section,-  Agricultural 
Improvement  Bureau,  Agriculture  and  Forestry  Department,  195^) 
and  the  milk  panicle  branch  blast  at  later  period  was  probably 
not  recorded. 

Aglhara  et  al  (1953)  observed  newly  developed  nanicle 
branch  blast  in  relatively  later  period  of  panicle  growth. 

Uzl  et  al  investigated1, the  natural  desease  of  :orin  no.  A  and 
Asshl  no.  2  and  indicated  the  following.  The  proportion  of 
desease  by  periods  had  the  same  tendency  In  both  kinds,  and  the 
desease  was  rarely  developed  in  two  weeks  after  heading.  Then, 
the  deseases  Increase  gradually  end  reach  about  50  £  in  or.c 
month.  The  rest  was  the  newly  developed  desease  after  typhoon, 
of  Sept.  30  and  October  4.  1)  In  Ncrin  no.  5,  the  newly  develops 
deseases  are  many  in  1-2  days  after  typhoon.  This  symptom  of 


?2 


disease  sc^as  to  have  suddenly  appeared  due  to  effect  of 
tvnhoon.  2)  In  Asahl  no.  2,  the  no:;Xv  developed  diseases  are 
-any  in  few  davs  after  tvr/aoon  and  the  infections  seen  to  be 
promoted  by  typhoon  tut  so~s  doubts  exist  on  this  effect. 

'Ihe  incubation  neriod  of  blast  desense  Is  different 
depending  on  the  environment  ( It. a  uni  et  al  I935»  Imura  has 
developed,  the  progress  of  desease  can  be  temrorilv  ceased. 
Thus,  the  naniclc  branch  blast  developed  at  later  period  can 
not  be  said  with  certainty  to  exclude  the  infections  at  early 
period*  Expression  of  some  doubts  on  the  infections .at’ later.  -  • 
period’  bv  Agihara  was  probably  due  to  the  above  consideration. 

We  have  already  reported  summary  of  infection  on  node 
at  the  neck  of  panicle  and  occurrance  of  white  ear  at  later 
period  (1953).  Here,  we  report  that  naniole  branch  was  easily 
infected  at  later  period  (chapter  VI),  the  incubation- period 
(chapter  V)  was  shorter  in  old  panicle  than  in  vounpr  panicle 
and  wind  causes  damage  in  spikelet  and  panicle  branch,  thus 
promoting  the  development  of  -nanicle  blast  (chapter  IV). 

From  these  view  points,  the  development  of  deseases  at  later 
period  in  the  experiments  of  Agihara  et  al  (1953)  seems  to  be 
due  to  infections  prior  and  after  the  typhoon. 

The  degree  of  panicle  branch  desease  due  to  infections 
at  later  period  was  high  and  the  quality  of  the  product  was 
lowered.  This  agrees  with  the  observations  on  damages  bv  neck 
blast  (Hori  et  al  1958)  and  panicle  branch  blast (Agihara  et  al 
1953)  developed  at  later  period.  Thus,  panicle  branch  blast 
developed  at  later  period  ■  should  be  closely  'watched. 


VIII.  Conclusion 

The  development  of  panicle  branch  desease  is  not 
simple.  "Deathes  of  ear"  from  infection  of  spikelet  are  r.uraer- 
oud  and  infections  at  node  of  panicle  branch  or  rarely  at  the 
space  between  the  ^odes  are  observed.  Infection  of  spikelet 
mainly  occurs  at  the  tin  and  there  is  a  reason  to  believe  that 
this  part  is  easily  susceptible  to  desease  even  at  later  period. 
Also,  it  is  characteristics  of  nanicle  branch  blast  that ' Invasion 
of  lesion  at  the  node  increases  the  damaged  area  in  stepwise. 

The  panicle  branch  blast  can  be  said  to  be  ear  blast 
ecologically  but  is  developed  later  than  neck  blast.  The  reasons 
are  the  followinc.  1)  Panicle  branch  is  located  on  upper  part 
compared  with  neck  of  e>>r  and  subjected  to  m ore  '.-rounds .  2) 

Among  the  carts  of  nanicle  spikelet  lives  until  the  last  minute 
and  can  be  subject  to  blast  desease  for  long  time.  3)  Progress 
cf  panicle  branch  blast  due. to  death  of  the  mart  lengthens  the 


Infectious  period  and  tine  between  infection  ond  development 
of  decease.  Thus,  determination  of  preventive  rcrlcd  is  not 
siorle  and  for  this  reason,  research  on  this  subject  has.  been 
carried  cn  until  todav.  Determination  of  preventive  period  of 
oanicle  branch  blast  was  conducted  and  there  is  an  example  of 
effective  prevention  at  later  period.  Before  Judging  the  resul¬ 
ts  of  agricultural  medicinal  spreading  at  farm,  however,  these 
facts  should  be  considered  together  with  weather  conditions. 
Then,  a  more .accurate  Judgement  can  be  made  on  preventive  period 
derived  from  the  experimental  results. 


,  IX.  Summary 

*  i  - 

This  paper  reports  the  development  of  panicle  branch 
blast  by  Inoculation  and  observations  at  farm.  Since  soikelets 
.are  considered,  to  be, important  as  an  infected  part  of  panicle 
/branch  blast,  we  have  made  .pathological  and.  anatomical  observa- 
•  t ions  on ?the.  details  of  invading  blast  bacilli  in  spikelt,  and 
reported-on  the  relationship  between  sounds  and  deseases, 
incubation  period,  infectious  period  and  damage  due  to  infection 
at  later  period. 

V  i . Panicle . branch  blast  is  classified  into  followsing 
four  categories ,  considering  the  mode  of  pathogenesis  by  inocu¬ 
lation  and  characteristics  of  infected  parts.  They  are  spikelet 
blast  (including  glume  blast,  I  type),  secondary  panicle  branch 
.blast  (II  type),  primary  panicle  branch  blast  (III  tvoe)  and 
rachls  blast  (IV  type).  Secondary  panicle  branch  blast  is  fur¬ 
ther  classified  into  secondary  panicle  branch  blast  started 
from  spikelet  (Il-a  tvpe)  and  secondary  panicle  branch  blast 
started  from  node  of  panicle  branch  (II-b  type).  These  classi¬ 
fications  explain  sufficiently  the  status  of  desease. 

2.  Lesions  expand  from  the  tip  of  panicle  to  lower  part, 
i,e,  to  the  direction  of  node  at  the  neck  of  panicle.  Thus, 

'’death  of  ear"  occurs  and  death  on  the  parts  of  panicle  increases. 
Due  to  'death  of  ear",  spikelet  infection  causes  panicle  bran'ch 
blast  in  many  cases. 

3.  Panicle  branch  blast  occurs  from  infection  of  nodes 
of  rachis  and  panicle  branch  in  addition  to  srikelet  infection. 
Panicle  branch  blast  can  also  occur  from  Infection  of  the  space 
between  the  nodes  and  devoluted  part  of  each  organ,  but  the 
ratio  Is  verv  small. 

4.  Hie  relation  between  infected  parts  and  degree  of 
panicle  branch  desease  shows  the  following. 


Infection  on  node  of  rachis >  infection  on  node  of  panicle 
branch>  spikelet  infection  for  ere  Infected  t'.rt.  Ike  carnage  is 


I-*rge  in  infection  on  node  r*t  z>o  neck  nf  r.nnicle  or  raohis. 
'..r.en  total  damage  of  panicle  branch  blest  v.*a s  considered,  the 
decree  of  damage  ir  ir.  the  order  of  snikelet  Infection^  Infec¬ 
tion  at  node  of  rochis ^  inf ect Ion  at  node  of  panicle  branch. 

1  h  1  s  is  influenced  bv  number  of  infections  in  .addition  to  ex¬ 
pansion  of  lesions.  Thus,  ’  hen  r.onicle  branch  blast  is  consi¬ 
dered,  pathogenesis  of  snikelet  can  not  be  ignored. 

5-  ^Pikelet  deseases  are  more  in  lemma  than  palea, 
particularly  near  hair. 


6.  When  pathogenesis  of  soikelet  blast  is  analyzed,  the 
tissues  of  lesion  are  dead  or  destroyed,  and  the  desease  of 
tissues  becomes  mild  at  the  boundary  of  infected  part  and 
healthy  part.  Spread  of  mycelia  is  significant  at  internal 
epidermis  of  glume,  medium  at  external  epidermis  and  very  slow 
at  lower  tissues- 

?.  In  spikelet  desease,  conidium  is  formed  on  the 
deseased  nart  of  glume  (including  tip)  and  inside  of  glume. 
They  are  scattered  on  the  surface  of  deseased  cart  and  concen¬ 
trated  on  the  internal  epidermis  of  glume. 

8.  When  young  soikelets  are  inoculated,  blast  bacilli 
invade  through  eoidermis  of  glume.  Invasion  of  bacilli  is 
easier  at  upper  half  of  spikelet,  specially  from  the  shoulder 
of  lemma  to  tip,  The  invasion  is  difficult  at  base  cart  of 
spikelet. 

9-  Mycelia  which  have  advanced  to  glume  reach  the  lower 
t-issues  in  24  hours  after  inoculation  and  soft  tissues  and 
internal  epidermis  in  43  hours  after  inoculation.  In  ?2  hours 
after  Inoculation,  they  spread  in  various  tissues. 


10.  Extent  of  mvcelial  spreading  in  tissues  depends  on 
the  part  of  glume.  Thus  lemma  is  more  than  lower  part.  Mycelial 
spread  is  active  in  the  soft  tissues  of  glume  and  small  in  the 
thick  membrane  tissues. 


11.  ’when  rice  plant  is  treated  by  9  t.  per  second  and 
12  m  per  second  artificial  wind  for  two  and  half  hours  or  three 
hours,  soikelets  and  panicle  branches  are. severely  wounded, 
founds  of  soikelet  appear  as  elliptical  shane  lesion  or  Irregu¬ 
larly  circular  lesion.  Sometimes,  the  entire  soikelets  discolor 
to  dark  brown.  Young  soikelets  are  more  easily  damaged.  Wounds 
of  oanic-le  branch  appear  along  the  lines  of  vascular  bundles, 
i'he  wounds  are  aild  in  young  panicle  and  severe  in  old  panicle. 
Wounds  are  also  severe  in  treatment  of  strong  wind  and  mild  in 
treatment  of  weak  wind. 


13.  Incubation  uerlcd  of  candle  branch  blent  In  rlasr 

room  (26°C)  is  about  7.5-11  end  deoen'in  on  mere  or  loss 

infectious  period  or  the  rarts  of  initial  infection.  Generally, 
Incubation  period  is  loner  for  infection  pt  nnnicle  completion 
period,  medium  for  infection  at  milk  nine  p  ^riod  ona  short  for  in¬ 
fection  at  starch  rlro  period.  When  each  port  -f  'article  is 
compared,  the  incubation  reriod  is  short  in  splkelet,  medium  in 
node  of  panicle  branch  or  node  of  rachis  and  long  in  node  at 

the  neck  of  ranicle. 

14.  Natural  infection  of  panicle  branch  blast  occurs 
continuously  over  the  long  period  from  heading  to  starch  ripe 
period.  The  most  infectious  period  depends  on  the  yearly  envir¬ 
onments  but  is  not  unusual  that  it  could  occur  in  starch  ripe 

period. 

•m  ‘  •  .  ‘  ,  * 

15.  Infection  of  panicle  branch  bv  inoculation  can  easily 
ocour  on  1^-20  days  (20-24  davs  from  panicle  completion  period 
;ln  Aichiasahi)  after  node  at  the  neck  of  panicle  is  ,  formed, 
of. around  30<I&vs  (33-3^  days  from  panicle  completion  period  in 
Tosan  no.  3^)»  and  results  in  the  death  of  ranicle.  When  incuba¬ 
tion  periods;, are  added,  infection  occurs-  In  4  we-'-ks  or  5-^  weeks 
after  the  node  at  the  neck  of  panicle  was  formed  and  results  in 
the  death1  of  panicle  branch. 

"... 

16.  'When  A’lchiasahi  and  Tosan  no.  3q  are  inoculated  at 
panicle  completion  reriod,  milk  rire  period,  starch  ripe  period 
and  yellow  ripe  reriod,’  the  panicle  branch  blast  was  developed 
more,  for  inoculation  at  later  period.  When  the  development  of 
panicle  branch  blast  is  comrared  with  neck  blast,  inoculation  at 
early  period  produces  about  the  same  degree  in  both  cases  but 
-inoculation  at  later  reriod  produces  more  ranicle  branch  blast. 

The  Increased  number  of  panicle  branch  blasts  at  later  reriod 
seems  tc  be  due  to  effects  of  typhoon. 

,  17.  Panicle  branch  blast  was  not  too  high  for  inoculation 
at  panicle  completion  period  but  the  decrease  in  the  weight  of 
ear  and  increase  in  srikelet  ratio  are  observed.  Although  ranicle 
branch  desease  was  high  for  inoculation  at  later  period,  the 
decrease  in  weight  of  ear  and  increase  in  spikeiet  ratio  were 
not  significant.  However,  the  weight  of  1,000  grains  of  unpolished 
rice  tends  to  be  light  as  the  inoculation  was  conducted  at  later 
period.  Thus,  It  seems  reasonable  to  conclude  that  damage  Is 
also  done  by  Infection  at  later  period. 
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